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-^ M@ towsstt^tion deals witfa the transiwrt of metal 
i»vesMgati«3ii has l3@^ latikaa into fiv© i^irts wfii^ msm irery 
STil'iJi* «» J, 
/C^clie tr^ai^sirt of F© *^, as I ^ F e s ^ t M^rs ss i s Gl 
or r> across aolvsmt t^ p^s litiMM la^^rai^ tmB ts^^ ^msQtm^mt^m 
t^Fi^ai^J' mis teesisiKjrtodi tstm HCa. toto liap aeitjss ditRityl 
etler-^ mzQioffi Mxfeir©. Jto liBr caa^sir^^Eit th© tiiaasiJorted 
opoeies cteaeed into ^^^^^%^ ««i twaa^gsartoi teck to I d 
oo^l^ur^^t aei^ e^ ss tJm mmet m&^^rmm &Bi»iMmt Urn ocmoeiitrmtioii 
•m 
^mi&X&m of F» , latere i t was r»o^»v«rt«d into J^®»S1^# x ^ 
IMS ooatljstsil t i l l an sqpiililsrius tias a9lii@v«d« Liiisivisst 
^P^^r^^was tfimsportod fi^ »a HBr into mi aen>8a ttia saas 
ONHSIiraiiA, tiuB balf of tlie i^els of imm trmm^rt i s a«tive» 
boQGKiao tiie tiaok txiaA^ort of Ftr* i s against tiia oofit«Bf»natioii 
SEisdi^t of Fa • Counter titms^rt of I^FeCl^(i i i BSl) mad 
H^Fe@r^7(ia Wit) at eq^al ooneentrations were also psrfoi—d» 
lA a l l ttio above aiperiasats oooeeiitration of Wr^^ mm eMieffisitlrt 
in Hd ooopartaMt after Vm attainMnt of aqfuiMlMliui i s slMSfS 
2 
mtad UBr in liSS, i s i3@gligll>l€i» T!w tranaiporfe m^^maitm i s as 
3taaiG3 ma tto &jacti(^Esl i^ie of Gcssteaa© EKitesl^ yl iu tina^iort 
hmhm mmxm mimU.Qii for tiim tx^ sms^ ort ^f ii£»Q»9al.^ t i^is 
aem«8 iitpid t!mmmxm Wks Samid to boM for t i^ '^ E^aspirt iitud^ 
mm^irwM eoaaistins of iaop«fityl aootate in lionsseae C63|S ^ 
volyjBt). , file transport eonstont fmc th& triiii^or^ ttaxm#i amm» 
l»rone for Co i s groat r tiian that of Ox « 'Omt nedianifli of 
tranig^rt lias boon proposod in tiio light of the fynetionai 9 W 
parties of the aai^ Hnuaa toi»rds tlwso aotal aeidsy Zn mgimmm 
phase oobalt broiao acid exists as* HjOCi^ O)^ *i|£*CoBr^ jr' and 
U^OiH^Q}^(t!^r^^Ojr and w^m^ ««*«*« «« Hj^iH^Ol^CSttfir^*, 
Whsn the aoid passes fwom aqaeeiis into orsaaio phases the ttanm 
3 
water mo>l&ealQ8 or the ti^p&rmt^ proton are repl&cmSL W ia^pmkti/'^ 
aeetate inolecule* glvlag C\^* ^M^* ^*-^**3**2^-/" ®**^  
£*iy.3M^*ll£*CoBr^* • tim co^ilete extractioa eqiallilnrlutt 




4> i i ,D ¥ 
% 
4» l l t ^ 
l^3@ ec^ aHitrrium In ease of c& p^er i s 
H,AA ^£Qmty2AAj^''*lW» 
*2 
HBr • 2Br**^ai#JAAj^ 
4 
illiere* A«^« staniii i ^ ieopftnt^ Fl. aeetete moA 0 isor oriiuile 
piieae* Ibe trsiMport of aetal 8ei<ls from mabmnt' to 
oqpieous pbooo i s oniy ttatrnm^ «>eeieo ^R^0«34Ajr^Hif Hir^J^ 
wliere II otendUi fort 0 ^ ^ t and ooppor* 
2^ 
4 
latometic^ of dliml^t transitloii and ncm^traiisltioii matoX 
addii with prnttfl alooluil sm% M&fi^^mi:tfL de@tate in hmmmm 
'^.xtraction of dibasic metal Imma aeid»t ^^^^^^'JPfyJ* 
Hg£*S^Br j^r, il^wmr^J^ lyfCdBr^aad H^hni^r^JT, « | i i^ 
isopent^X ac8tata«l3mmaie .-^ixtix^s 'mm studied at rooo 
as of isopest^l n.c^ tat© tfe*r® associate ^ t ^ mi^ trntnH acia 
isaleaile of colalt and copper in tte orcptsie i#li!20Q#^ rlB©t <^i* 
diia ami msrairj acida t&uSQ--^  tsio saXoailca a£ :?ef2^I ol^^toi arid 
osQ aasleoiia of isj^eis^'i acotst®# tg*tal aeM^ otyiiiM tea?© 
o:^ot as tmimm^ in tto o r i o l e p^ i^ s®* In pm^% alooltol liowg^ i«ri 
a»pper aeid i s moaomeidc oaly at l?m&t ©ymccjntmtioiis 
(4*0 K 1Q*^  to 2.0 jc 10 K ) and diserlc at liiglier otHae i^^ rtttioaa 
(5«3 X 10"^ to t«4 X 10'*^ M ) • A relatioasMp b«tifa@n the aeiditjr 
of lietal aeid aM tiaaici'^ of i&m orgtiaio pliaaa and tbeijr %tmm^ 
port throu^ t ^ aoi^ nrmatt aoaea d^ paa^ Hut mi aaaociatiMEt coaataat 
o£ ti3» i»} SMiit* foraod IJI tiia msB^tivaamm 
Bmt - 1 ? 
SaXaetiiro tmn^^ort ol iron tttm a adxtuz^ of traaaitioB mA 
non-^ranaitioii aotal aaXta aiaiiXoying a <lil>iityX •tbar-^tnataa 
fl^xtura* 
^FiiflfioatioB of —i^piwaat ooMlt* iil^»l» aosipafv siBt 
5 
iTim from a alscture of cations (Al^*, Gr^*, m^*, Co^ *» lil^*t 
QuL*^ JXk ^ aM Cd *) ^v@ b q ^ acixUved throu^ a soXv@8t ^pa 
Iiq!uid ^ee^rmm omaiating of di^i^X mVi^V'^mmmm iai:tture* . 
litai tlmt ©xist la emio* Ilea as i^0CHgU)^F«Cl^*^iS8®» t lmm^ 
the aeabraae as (fe'^O)- ILO ^FeCl^^/* to the «<p«c^8 . aai>artoent 
©ijop© 4t tH^aks do*.^  to Fod^ aiid Fed leaving I)^ii3d mxtta 
parmp m2,t mhxiS,mmm I'liis i s repres^itod b@low« laolutsi l i^ 
of tho Gixtiir© of oatioas (@^C€pt tliat of trtm add) into sB^a&nr&m 
Qs dsiorraeids ms ©i^ l^aliaea in tmras. of aoldit^Tt st@arie i:^ctor» 
flmetionaltt^ of tiie motel oolas aM aalt4as out offeot of eatJLonii 
In tiJo solectiiro ts'ssasport of lj*mii. 
Cosg©rts3€iit 2 Ilei^r^e Coi^^artomt IX 
Acidic «^i^n a.ijooiis aedioia 
I I * 
f ransport of ijron a d d a&mmm a dilwtt^l 
fttliar<4»ensaiia saisEtiire. 
PA«f - ? 
Radox drivan dreXia tmn^iiort of iiton i^ross an laeiMBtirl 
aaatata aaabi<ana 
Radox drivan CTcXie temnaport of InMi tiwou^ as i a ^ a n l r l 
acetate (FA) met^broxm i«as studied* tdiara aetiira tx^nsport 9i tw'^ 
against tba cone* gradiant of ^^'^ and t t e t of wJ^* a ^ i a s t t ^ 
6 
oonc* gmdLg^t of Fe*"^  using a reck»x gysteai wm detaofistratcd*^ 
£n c»3^  es^eria^at Fe itt*@aeat as Fe(^iai)| a t aaa® aide of tlie 
?4eial^ gii@ passes -^ tins otiiar uMa BB h'miJiCk}'^^ miStii x^tuims 
to i t s oriiJjiol aide ms F&CiiiCi'-l)^  across th€s imxm Jw^^tmaxm* 
A h^is process co^timies to a ays^aie e^ I ib r i t s i i* In anotlMir 
diSTJes'iiueist Fe pres^sat QS Fe(^S<)^ passea to t^e ather side 
Of tfea js^^rase as i*eCsS«) anl osaij Itecit ^ I t s o r i ^ j m l si4« 
as i?oC3»20'> tiatjtji^ tkQ tioBQ ^mtsxmmm siiis aipto mntimmd to 
a Oynai^ic @f^uiliteli£:i* l a tMM. s e t of e:^ :;o«ritj©ate coim^r 
trcnsjajrt of fbCriCi:)^ ^^^ i'uC.Xi.)^ too stJiOiod aci^ss Vm san© 
nsi^lsr^no* Botis tlio q^ccioo ii©8Js®s totrai^o eadi otiicr acxt^ss the 
aoatem© totsrslo ci dFimsrle ©^lydlifeidiia. !&i a l l -^ s© otov© 
tx-assiiort s t a g e s tli© i^utrol cBiii ©atloaic o t^ccsioa of if^a 
reiictiiag «.?itii ti:;© Deiabjrans smterial 4^vi«% I^^U-j^iJa^'oi;^*}^^**. 
iiCl asstl ascoroic aoi4 'Krerre uaed as Qid^'JlzUiQ om, redueias a^mats 
respectively, faia i s ^ote»ftticaU^ re^jressited liisjlows 
Coi«)arti3«nt I Fiealamne Co^»ajnaawf)t I I 
Oxidation sidfi aedueUM* sidte 
P / LAaoorbie aeid 
Redox driv«i% cyclic tranaport of iiwi 
aoroas an isop«sityX acetate ^m^txemmm 
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Cii) 
1. cyclic transport of F»^* m ll^i'^^^T^^ nC^mi^i^J 
through a dibutyl m13mT^h&mmm msmtsarmm 
J* :-^s»^. oc i . Sit* ^ - 1 ^ ^ Cl»5). 
2« studies an t ^ riiiictioaal it>li3 of laeJ^raaa mtiirial 
i a trons^rfe of ^ ^ * sad C®*^*^  t^smt^ an %mi«nt^l 
nmtal acids «itii peatyl olcotol MKI i sap^ ty i ai^feit© 
4« rt©i90 a^. of inm l ^ a fersaaitlfiai aad aoa-trafisitissii 
imtnl stilts ®^^lo|ritig » dlibutyi ettmr^h&iSBBxm Mxtuope 
Talaatft 
(Bevis«<£ aanuscilpt «il8aittedl}« 
5« Rd^ox drivs»i ^eXle tt«ii^>ort of iron across an 
isopentyl acetate aembraiM 
«J. r4^s^« sei« 
CCoE^inicatsd)* 
diAi^Xiin «" t 
(£Mr.taL immmcn-m 
1 
Mesibtwm —"—• a unit of a living tisau«« piays a onaeiai 
roia in alsiost a i l ealluiar aetivitjr and tbe piMmwaaiion of ion 
tfiaiisport ofifnaa mil mad &t^m^im stmabrantt v^eik oodUUita 
ealluiar aventa i s reoeiving aver inoroaaiiig attantlaii *^ « 
Am«m various i^3io3^4ical proc^iaas* tra»i(|»ort &er&mi 
mmtiA)9rBxm i s "^ le ORG that i s appXioabia in various £i@Ms o£ 
sciimee oM 1^el^»lo|^9 mms^ as A4ricaltux^» Biola^« i^iaaha^iatiyt 
Biopli^sies pl^tit pli^aiolagyt soil scianca, {lediciiia* Iliaiaiadicial 
ene$sm@pinQ oml -mter m-iglnearini;* 
i^fulGo»e^iAGml b(^avicmr €»Jt c^ ai|>I©5c emU, amsta^iMm 
proo83aas» oecairring SM Htm iivisti; syst^s im& ^mmk :n ^ol^ot ta 
Ijiologists ssaA as i t i s not mxsf td ^mm abcmt tlie l i v i ^ ti^m^St 
ccmsidarabla efforts liave boas i^ d© in ^li^ fiald* using artifi* 
eial aaol^ raiias sai^rating different salt iK>iuti€m8, as laailaia i&r^ 
ths Malogieai syst^ Ma^ * 
flia ii^ o^rtfflM^ of pl^siao*cliigsieaX priikcipXes in aluei^t* 
iag tils s^opXax psrasatdli^ pbmiosmion tMta ccNoeaivadi liy Saortli • 
i^ ia ol»sarv«A a elosa s ia i iar i^ ia t ^ to^Mwic^r af a fliatrie 
wieosa mmitm&tm aai • pardiaaNit «ei8il»«na* Ha atrassad tli@ is^ior* 
teaea af vvviatis iHineas ftOfvsa a mmifxteam aal rasai^sd that ioiii« 
aaaiataat.ton in Mm liviag mUl i s not daa ta snr Mfflil>rBiia iapar* 
aa^biiity teat dtia to tiia <tiffwrai)ea in the tnfiiax and outlltax 
a«^ass the oaii a i^»rttiia« 
2 
Physical ch»idl8t3 have i^ ^Xoyedi thcraK>dyruifBic9» e lec t ro-
ehmil»try» chemical lilxietica» surface cheffilati^ wai diffusion 
phenomenon, t» the atudy of transport processes occunring across 
a r t i f i c i a l ae^hranest a»4 have tr ied to correlate the data witK 
the processes occurring; acTx»sa cei.1 s^abz^»Jiss of %im l iving 
systeias* 
i'he GXlstaJtice of pot€>ntlal dirferenc@» across Uie smrve^ 
5 
a j %%ell as smscle s^mbranes peniaahle t^ potassiuia iooa only 
has lieeQ ism^im far is^rc than hujodred y@a.rm ' • The e lec t r ica l 
ac t iv i ty i a the nerve-the iierve si£|ial has h&en aiK>^ B to he the 
0 9 aanifestatioa of ionic transport * • Herve signals resul t due to 
the i^iversal of tlie nerve ce l l mefcbraiiie pei^^abil i ty, from a 
re3tin£ s ta te in *^hich the ajeabraue i s hundred tisae SOTQ pQram&bl@ 
-to iC* than to •te*, to an active steite in which souium ioa entrance 
i s th i r ty ti£^s easier than that of potassiuis ion* fhe s^ermeahi-
l i t y chancres ax*e controlled in a regenerative way by th@ membru^ 
potential* the dovm-hill ionic soveaents are m4lNie<}uently reversed 
tof m aetahellcally driven active transport. 
to k mmfytwam wmf be deacrihed as "A phase umially hetero-
geaeous a e t l a i as a tMiirlar to the flow of aolecular and ionic 
species in the l iquids and or vapours contacting the t«fo surfaces* 
T^m tern heteroiseneous tuis IMN»I used to indicate the i n t e r s ^ s i c a l 
s tructure and ext«nial plqrsioo*ch«8ical perfora^ice '^ « fram 
t h i s point of view* omriKranes in s^ckeral are to be considered 
heterogeneous* despite the fact that conventionally aeahranes pf* 
3 
pftiwl fttm 09iwre»t £,ela have been ca l led hoBo^neous. 
Xn i t s broaulcst s«nse« tlie iford iseabrane i s used to 
denote & t h in sec t ion of conducting m t e r i a l t ^ t z^^ulates tim 
aoresents of c^^r&id speciea acjn>8s i t » therein c rea t ing condit ioa» 
for generation of an e l e c t r i c a l potent ia l» -#hen such a meabrami 
separa tes t^o e l ec t ro ly t e aoiiations and a t whidii an e l e c t r i c a l 
po t en t i a l i i f f e renos i s es tabl ia i '^d . 
The a r t i f i c i a l aiefflbr«ines ^a^ be c l a s a i l i e d i n ^ tm> rnsin 
^.roups» so l id »t^ l i qu id sembrtines. Solid ise^branes b e t t e r terued 
as heteroceneous t^Bxahrmiea ma/ fee partiffin based or prepared i n 
or£anic ca. i .ounds aucii as ,^eiK»l sulplronic a d d or polystyremf 
sulphonlc acid (with vdde pores)t teiihl^ cross l inked res ins l i k e 
dr ied collodion (^ i th tmrrow soresi an<i inorganic compacts* 
Liquid membrar^a on the o ther imnd i^iy be ^irepared by d issolv ing 
c e r t a i n compounds such as quarteratiry ai<t»B»niiw s a l t s * dinos^l 
naphthalene sul>4ionic acid or di*> and t r i a l k y l as ine in ^a t e r 
i i » i8 i t i l e o r i a n i e so lvents . 
L i ^ i 4 Vktttoiwmmi 
!m« h i s to ry of l i q u i d mmSbitmama gMS haek to mnmt^^ amd 
Haber ' " who* with t h e i r eoll«*8u«s» oade a sys t eaa t i c study of 
th« alectroehat t lcal hehairiottr of l i qu id aoiri;w»iW8 and oa the toa^o 
of t h o i r i^yaioa l proport los a«d coaposit loaa c l a s s i f i ed thmi i n t o 
two groups* i^lrsty the l iqu id aaabrftnea t h a t aera ly a c t aa a«»liraBt 
4 
fo r the eXc»ctroXyt«s» t^ile^ disaolv® Xn the isHiiiaciMtt aNMslix^ iiiif 
plift«»» anti diffuse t h r o u # i t are re fer red • *^ t o a« "Keriiet-
Hiesenfelci type** o r diseoXution o r aolvent type membranes. 
The second type whicri haa a laore cosiplieuted nature* 
i s the so lu t ion in wdttcr-iissmiijclble o r t aMc aolventa of the subs-
tanc@3 conaistinfe of an iono^enic group which ia at t - ci»s<i to aa 
organic aalecule of proper alze ai^i cojafiguration t o ®aK© these 
coapoumla, aad t h e i r oa i ta *orii t^» ion exchangers, fhi^ ^i«d of 
i iqu id siemiamne i s Knowi as **i-iitber-Beutoer** ty^^a or "iiHuid ion 
exchange se.'r-brane" tnd tha suUstuiices of t h i s oa tare arc n^ferred 
to as l iquid ion @xchan|.,er«« *jrPic£il l i iiiid ioa exchanger ca®-
jouads a re t^a-irtQmtr'/ a-so«iu:a nolta» aeoojMiiir'j and t e r t i a r y 
a.iiim>3» and acid cospotmds auch as dinonyl naphthalene sulj^ihonic 
ac id ionodioctylphenyl phosphoric acid» e^st lifjuid ;:«r^ranes have 
proisertiea whic^ f a l i between ^ e two extreaes of *«»3mst-
Hiesififeld and iiaher-'Beutner a e ^ r a n e s . 
^ t t i s t and Rles«ifeld * -* assiu^d constant d i s t r i b u t i o n 
of e l ec t ro ly t e i n the oea^rane i^uute and they i^irther iiq;»Xi«i t ha t 
the d i s t r i b u t i o n ecpilibriitfi a t Vm two i^smmn bouadaries were 
•a ia ta laed* I t i s notewortl^ t h a t the i a a i s e i b l e l i qu ids i n whieb 
iaorcftndc e l eo t ro iy t e s a re remsonebly viell soluble and h i # i l y 
i t issociated contain eonsidkrrable ^luantity of viater« itfhen i n contac t 
with the aquwous e l ec t ro ly t e solut ions and laust be considered a s 
second s o l u t e . 
5 
Sine* functional groups o£ l iqu id ion exchange smmbrBtm 
ar« constrained to the exchan£er phase taerely t^ the s o l u b i l i ^ 
c h a r a c t e r i s t i c s of t tw Itm msel^mi^ coti^»ituM# afi^ a not as In 
conventional sol id icm exchangers ti/ chemical bonds which t i e thea 
t o the i n e r t sol id exchanger B^trix* Ihe d i a t r i bu t ion of the 
exchani^er compourai between the aqueous and the or;, inlc phase i s to 
an extreme defcre© i n favour of the l a t t e r . 
'Ihe d i e l e c t r i c constant of a l iqu id ion-exchani'er l i e s 
between those of a solvent and of the ion<-exciian£er cos&yaijmJLm 'Ihe 
l i qu id ion exchangers in moBt instances tms lov» d i e l e c t r i c corns-
t a n t probably mil below 1i>, Xtose based on hydrocarboa solvents 
and carbon t e t rach lo r ide a re In the raofee 2 to i t ^ anti those tkiaed 
on j-dichlorobenzene anJ nitrobenz^t^ a re reJi iect ively assout la «* 
33• Accordingly, the degree of d i s soc ia t ion of the ion e^dian^er 
compound counter ion complex i n l i qu id ion excban^^ers i s low i n 
ins tances and p a r t i c u l a r l y lo^r t^ith exchangers based on solvents 
with lowest d i e l e c t r i c constants* 
Due to tito str^Bg aaaoeiat ion l>eti»««n fUnetional groi^;»s 
aiid t h e i r eoiatiter ioas the r e s i s t i v i t i e s of the l i qu id ion eacdbna* 
gers a re very lii| |i» Because of the low d i e l e c t r i c constant , the 
water content of the ll<|uid ion exchan^r i s o rd ina r i ly very low, 
although 1 ^ ion exchange ccra^pounds i s i n soise ins tances se«Bingly 
aay contain one or tm> ax^lei^iles of water of hydrat ion. 
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V^ry little has btt«]i dont in thia ar»a» the raaaon 
for tha long |Niraistiii|r n*ii«ct $f the study ««&• a aaaadn^y 
unsumoimtabla difficulty to fiad a starting s^ oint for furthar 
constructive aaqpariaantal work along strictly plh^sico-cheisical 
lines mtilch would saove significantly beyond the systematic inves-
tigations of »Nimst and Hlesenfeld^ •^"^ who studied on the 
electraootive behaviour of certain concentration cells* 
^sanoy ochuloan and collaborators^^*^^ aeeaingly unaware 
of the voluaiiu>us and atleast prefeitibly pertinent work by various 
others» have presented the results of fev careful experiaiental 
studies on the z^tes of cross-asesbrane transport of all^li halides 
and the cotu:oQitant «^ter aovement in systess with non-aqueous 
liquid aenbnuaes consisting of aliphatic alcohols* having watwr 
53-35 
contents of about 6 to 27 volua» percent. Rosano* SchaLtaan et al« 
described in detail Urn aovesHint of various alkali salts and foundf 
aa was to be expected» that electrolytes aove acroas liquid neabraaee 
at rates wiiloii are prc^ortional te »ieir solubilities in the diffe-
rent water sa1»rated organic liquids and to their diffUaion veloci-
ties in the latter. 
The voluainous literature on the peraeation of non-electro-
lytes across dissolution type aeabranea^ • baa aade it clear that 
the rate of osaotic water aoveaenta across liquid aeabrane is pro-
portional to the solubility of water in the SMMbrane phase and to 
7 
th« cofictntraitloii differenct of the solutions sepamttd W the 
mmUbrmm id.th a aiaor e^rrtetion for the water of hydration of 
iotm nAiich aove siaultaneouely In the opposite direction ecroee 
the raeatojmne* In ree«it j t a r e Bosano e t al» * have studied 
the raechanisffl of %^ter tz^msport through non acjueous hutenol 
ffleffihrane ai*i reported ttai in^uence of interfacial charges on the 
aodiuiB» aM potasdiuis selective flux tht^su^ tim t i t l e tmtsSursm®* 
nechmnism of aelect ivi t^ and det©«siaation of se lect iv i ty 
conditions has heen disoieaed ^ Daff<9fr&t^^ idio examiimd aemhranes 
peraeahle to cetions and anions« Licle a&i l i irins studied <xin* 
centration potential of l iquid ®e»branea froa al iphat ic manohydric 
alcohols wtt^ ^2^4» ^^ ^^^ ^^ electrolytes and exaiKined the 
potential detex^ining factors ssad effect ot carbon chain length 
41 
of the alcot^ls on i^e eleetz^ra^tive response* Bi-ionic potential 
acft»8S hutanol m&mhrmnm was also steadied for a lka l i aetal chlorides* 
UP StaroMnate and Mazovfea studied i^e select ivi ty &xid 
p e r a e a h i l i ^ of pentyl alcohol ^ahrane for thlocyanate coa^lexes 
of t ransi t ion metals and the i r Mixtures and showed the possibi l i ty 
of sepsimtion of ^ e s e coaplesces through the t i t l e aei^rane* 
4} LliSfii "^  has reiiorted -^at butanol» n^octanol* toluene sod <^tloro" 
fof» saturatiftg • aillijpore f i l t e r act as l i ^ i l d stenbrutes selec* 
t ive to X,* ions over tia^ ions* 
A novel S(«i»artttion t echn i^es based on selective s»ei<aieation 
44 through l iquid surfactant awibranes ires developed by Horaan MT^^ 
t&r ^le separation of l^dii>earl»ons as well as aqueous solutions* 
A b r o i ^ y applicable technique '^' for the water t r«i taent i s 
baeedl on the use of llqaid surfactant meiabr^nes in v^ch contaaii* 
nated water i s contacted with sisall dzH>plets of selective reagentSi, 
surrounded by liqviid stectbranes of hydrocarlKin solvents and certain 
additives* The clean up i s affected by sissultaneous adiion>tion in 
the case of suspended imteri&ls» ejctraction of organic isaterials 
acai permeation followed by reaction for dissolved or^ianic and i n -
organics. 
Studies on transport phenoiasnon t h r o u ^ liquid isesbrane in 
recent yearn have led to several use^^Q. applications above all» in 
the bioloi^cal field* i'kich attention has l^en directed towards the 
passive* select ive GM specific transport of inor^mic ions throu^^ 
organic buUc li<^id ib&mbranes^ "^  bet^ecm tiio aqueous phases* Xhe 
developa^it of transport i^steias for orpinic saolecules nay have %iide 
47 
consequences in i t s application t& separation science* Xshibaahi 
reported that aaleie and pthalic acids were ti^uisported preferen-
t i a l l y by extraction aei^ranes over the i r transisoaers i*e* fua^ric* 
isopthal ie and terepthalic acids* On the basis of the i r eactraetabi* 
48 1 1 ^ * HewQoab, Hel^son and Cratt used ^ l i r a l aeutrml carrier* 
wM^ resefld>les 18*croKRi-6*cyclic ether* in chloroforv as l iquid 
sesibrane for the transport of sa l t s fros one a^eous solution 
across the aes^rane to a pure aqueous phase* ldi«a t3m»m s a l t s are 
enantioneric pairs such as i^F"^ s a l t s of pheiqrl ethyl aaine and 
oethyl phei^l glycinate* one enantioiaer i s transported faster than 
the other. 
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A nunibtr of i8»cro€^clle Xigands of different typ«8 lmv9 
b««ii reported to transport a lkai l netal catione '^  ''* tsy soXul^lIlz* 
ing inorganic s a l t s in nan polar s^idia via forsc^tion of laacro-
eyelic inclusion coag l^exes"^ *'^''. Qitionic transport i s kxuytrn to be 
raediated by several ant ibiot ics and ayntbetic ?olyethers » '^'»*^»-' 
and anionic species • 
Coupled flow of i i f ferent substrates across i^ebranes ploys 
a fundaB»ntal rt»le in biolo^T ^ • I t has been shcfwa that varioim 
kinds of pi^sical and ( l^eniicaX |^ beno}setK>n are u t i l izabie to increase 
the rate of ion transiJort throuijti ^^labrane l i ke redox ener^gies ^, 
66 57 67•»6S^  
counter curjr^^nt of different f^tal cations , jrfl difference"^ ' ' ^ 
70 7l 
i^j^te <K5ntr*)l by heavy isetals and li^iht enerfcy oifei counter 
current of proton fiux. 
Hie transport of aadno acids across biological membrane i s 
• 72 
assusasd now-a-daySf to be coupled with Na § trans|K>rt • The 
73-76 
transport of amino acida has been investigated Iqr several gFoupm 
but thi^ mostly es^loyed protected aBtiiK» acids* instead of biolo-
gically relevant "free* aaino acids. An eff icient t r t f^por t j^fstwi 
75 
ef free aaino acids, MSS reported by B ^ r ami Leto ' 't utoo deaons-
trated that* a positive or negative l ipophi l ic car r ie r i s usef^ 
for the transport of aadno acid across l iquid nsi^ranes. Asdao 
acids in the carbojorlate form isay be transferred fro« onm e^iueous 
phase (containing O.IM tUM) t h r o u ^ a toluene aei^rane based on 
Alif|uat 336 (aetiiyl* tr leaprylyl aianoniua chloride) to the outer 
aqueous phase CcoataiatBS 0*1if HCl) mbeiw tha aalae aeitf* ia 
10 
•xtrftottd t>y protonation* the chloride ion i s transporatta hmek,, 
protonated aislno acid aay he tranaferred througii the aaae l iquid 
iMmhrane haaed on poaitiveXy charged carr ier such aa dlm»nfX najprhtha-
iene auls^ionate* froa an acidic aqueoua s ^ a e to a haaic aqueoua 
phaaet ^ « r e hacic tranaport oX potaasium ion occurs* 
77 Xilchaaiirov succeasfully studied tile separation of 
i8ot^,>ea on liquid cation exchangers W aathi^siatical ©x.jeri®entai 
planning* 3ifldlar para^seter^ are eiven for the fac i l i ta ted tz^M^* 
port of a gas tltrouga a liquid aea^rane in iifhi<±i the gas concentra* 
78 t ion on the doioa streasi of the aembraz^ i s negligible « cation 
ti^naport from maltiple a lkal i cation aixtares using a l iquid 
LieEbrai^ ayst©^ containinL a series of callxarene cair iera have 
been studied* 
Recent studies» on t'crz^layer pejnaeabilit^ to gasas* taakm 
i t possible to advance sose iprteral ideas about the process of 
isonolsQrer persHNition of SES^II um^hargsd species* 
At Urn amvm t i ae current investigations on ttm s tructure 
of natural vmatovmrn indicate* that wn imetorstandiiig of aoaolayer 
s t a t e and of aoaolayer proceases aay provide the lEey to underst«fid*» 
ijdg the structure and fUncticms of natural aeahranes* She u l t r a -
thin cismbrane on the surface of ce l l s that i s esswatial for tlMi 
integrum and aan^ of the properties of the oel l i s called the 
plassMi aeo^rane* the plasaa aeabrane i s beliiived to be an ori«ated 
close paclMd l ip id bilajrar with polar ^roup outward protein or otiier 
1 1 
noil l ipid nonolayers, iidiich ar« adsorbed tangentially alone tlie 
polar groups on each sidot giving a to ta l aombrane tliicicnoas of 
about I^A^, VAIB laodol yaa f i r s t saggestcKl in de ta i l ty Davaon 
and Daoielli in 193^* ^tiartaon has reviawod much of the 
relevant rm-^ l i t e ra tu re and the various l ines of evidence con* 
veri^e on trie hi^^hly ordered bl-solecaular Xeailet taodel as tiie 
general structure of plasma ^embrsof^ ^s.. A dynaaiic laodel of ce l l 
membranes was also aug^ested hy f^oderick A , Capaldle anil be 
was of ttoe vie^ that tim envelops that JurrmwMi ent ire c e i l s , 
ce l l nuclei enti the various ce l l o r ^ n e l l e s are thin assemblies 
of l ip id and protein ^oleculea rind the i r function depood on how 
the caesbran© pi^teins are linlced* 
r-^oi^layer peras^ability aM the properties of natajral 
32 
t^i embrar^s have been described by Martin blank , idtsuo 
B5 i^raa^tsu and Harry ^batka have determined the molecular 
w e i ^ t , l i ia i t ins ar«a» f lexibi l i ty of uniraolecular layers of 
seruiB albuodn and i t s derivatives. Relationship bet%«en jpliaraa<* 
cological actions of drui^ and the i r interactions vi th aonolsyez^ 
have been atudiad by ^oroan and Gershfeld and other "®^. I t 
lias beatt tiamm that the ionic tz^tnsport^^*^ across a i thar par* 
aaabla or i^paraaabla (diffusion blocked) non a<|uaoua li<iuid 
•aolbraAaa can ba proaoted Iqr the addition of suitable pinauplm^ 
l ip ids (CapiialiA or Lecithin) a t the appropriate pH in the o i l 
phase. 
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l^ bD^ cfU^ aMiA mid a t ta twl l tss ar« kxiown to function «• 
mital coi^pl&x«s. the insulin polypeptide i s eep«1»ls of reaeting 
w i ^ sttiif 0lti«r aetala* @«£« ca4siuffi» cobalt and nickel ^'^^^ 
The importance of eie^I cKja^lexes in the t>ioloj|ical action 
of certain dmgs has be<Bn jreaiized only in recent tiiaea* I1»ey 
bea^ TW upon the* irutg certain physical properties e.fe. low disso-
ciation constants resulting in t ight ly taouod as ta l ions, special 
oxidation reduction iKjtentialSt so lub i l i t i es ai&l electron d i s t r i -
bution. I^e i^4ority of the iaportaent raetal cosoplexes are 
chelates*^ • 
In addition to bond forsdn^ tmd boiKl breaking reactions^ 
coisplex i ^ t a l l i c ioi£s are able to par t ic ipate in p^jups trwisfer 
reactions because <1) th&y are able to bring reacting aolecules 
together to fora an activatiKl complex* (2) they can serve in the 
c l^vage of boiKis established prior to the traynsfer and (3) 
becttuse the re la t ive s t a b i l i t i e s of ttm coapl^ces of the reaction 
products sMiy be greater than the cooplexes of the reecting subs* 
taneesr*« AS exaoples for theaet one aay c i t e tranewnliiase ea3^aes» 
which oentain the ^lelat ing subst^iees pyrldoiMl* At lOO C^ 
pyridoxal cat«lyses» the aon emgraatic transfer of mtao grou^ps 
f itHi a large nuaber of amino acids to c< ketoglutaric ae ld^^*^. 
tint reaction i s speeded ti^ 1^ certain sietal ions e.g»» Cii » Al"^  • 
¥•** and Fe^ *^  and inhibited by E.D.t.A. Peilia^s the transaminase 
1'^  o 
93 
•iia^£s«s Hinetioii in m slailJir mmsmmr ^ mfmi ^lou^ the f^ r@««ii«» 
of HetaUie imm in ti^ i^saaiiiMiAe «(iisyn* htm not hrnmi 
Anotllttr exa^let of % i»»tal CQS|pli»c i s tiKi tron protoin 
f8rriti&» ^boso lUnetloxi mp]^&tn to be the iitoiia^ of iroi&t untii 
1 ^ notal i s iioodod for tii@ BynVmBlB of l»a!io^Lot)iis • As wAth 
as 23."^  of i t s i#oi^t noimiQtB f^f iron* A &>pp&r panataiii ooi^lojc 
Ims tmmi iao^taS ft^m Mood oelX® % i t tsay l>o immlvod ia tlio 
sfn^SBlB of birayEao^ o^bia for y^dbi traoo asmmt af eoppor are 
^2 93 iMcoasaiy • f ho antimBosiia vXt&^xi B^ ^ ^yanacol^tiaeiiio i s A 
cotiolt Isolate* 
Iiitdoie add milmsutleQ ar@ stroBgiy acinic aiiil at 
plijrsiologli^l pll carx^ Mglk dmrni-i^ of negative <^ ara& for ^ l^is 
raaisoiSt '^^y sure fomsdi as^sciatod ifi tl^ ^IX ^ t h eationic 
gg loo 
spoeies *^ Hiott i^ the osctroetioxi of tmt&l aeid in or©aaio 
ooivont Imve tmen studi^» tlioir tiwuiport tliro«i#i limpid 
sMMibnAos does aot so^ss to l»ve bean stixiiod* ^ i t amsm wortli 
tri^io* to study tile trsii^port of isioiosi^iily is^ portai»t« divaient 
iMtsl aoids 'ttfaowtsili seivent tfp9 ii^ fkiid 
Ddl^ tlte mmibtmam astorisis* 
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ba r r i e r grouped into followiiig ea t a^ r l a s* 
1. Si iple or passive di£fuaion 
2* Facili tated diffusion 
3* Active tra^^port 
Passive diffusion olNiys Fiek*s» f i r s t law of diffusion* 
which s t a t e s tliat the r&tm of SK>ve^nt of a solute ^urou^ a 
oiei^rane t^atrrler i@ direct ly proportional to t%^ ccmc^ntration 
iP'adient of ^ e solute across ttm tm^xmm and to tim suf'oa of 
the f is^rane. Tim proportionaUl^ i n s t a n t i s called tho diffusion 
coefficient for transfer of tkm s o l u ^ across that par t icular 
mm^raxmm Bar a cl^rge of ;^ lu te ^s difiusion jmte i s detersJU^d 
not only tsy ^ e concentratiott gradient but also lay the e lec t r i ca l 
potent ial across Urn aeaibrane* According to l-i,cH*s law therefore* 
the ra te of noveo^it of a soluto acitiss a tiarrier &m he «ade more 
z^>id aerely hy increasing the concentration gradient of the solute* 
t h i s process cannot contimte indefinitely hut ifiU toe l i a i t ed a t 
very high ccmeentration gradients Iff the solubi l i ty of the solut«* 
by aggrei^tion oi «}lute aolecules* and W other factors* 
The concept of fac i l i ta ted diffusion arose* vhmi i t was 
found that aany transport j^enoa«ion were not oofflpatible wi*^ the 
predictions of the passive diffusion isechanisB. For exan^le ^le 
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f%%9 Of P9imtmrmt%w^ o f mluism may !>• pmport ioaal to ^ i« 
ooaeoiitrfttioB i^paiioiit o^y» «t ro la t i i ro l r %&w oonowntrotiim i» i l M H 
roaeli & l i a d t « t «^(di9 Fick*o lav aiiould s t i l l bo opp21ai)»lo* 
6^bor o i l torJAt f o r id iw t i f y i i i g foei l i tatodi a i f l ^ i o n s^rottiBs oiv 
airailablft* Tim aoilel usually involcod, to ojqplai» fae i l l t a tod 
d i f f ^ i o n i s the aol»il« o i r r i o r ^ p o t ^ s i s i n iMoi i t l ^ i ^ ly te 
at '^dioo i t s e l f to a ^s^rwm hmm& earr ior ^ l a t i ^ i t t l o s back 
and f o r ^ tiet^f^Q opposite fm^a of tbo iMHid»f«ao« Xtess tlio oafvior 
picks l i ^ ^ l u t o on one sida o f mmhrmm§ doposits i t o» t l » o t ^ r 
sid«» spo^  tbaii z^tur^ fo r loro solute* I n sudi a modml tim rata 
o f iiovasent o f soluto t k n i u ^ t t e barr iar raa<^s a sa^aration 
iraluas* Coiie^stx^tioia of SN l^uite i s iscr^asi^l l^ Ksauso a l l tibia 
car r ie r in me ^stasi liecoaas tmvmA to solul»« In i^ssiire as mall 
as f ac i l i t a tad di f l^ is ioi i* net flu^e of soluta across tbe iNii^iar 
caa^Sy i^i«3 tha concaiitratioii ^mdi«^t baoosias zara* I& &13mr 
imrdst i^*s% aaci ia i i i^^ dio not paz^it sioip^iant of soluta aisainst 
a conoaai^ratioa gratliaat. 
f ^ t a m aotiira ^raosport i s ga»arally itsai to xmimr to 
a aona«itmtloR «r«4iaiit* Aotiva t ran i^or t aa^^Miiaiw f v p i r a t i ia 
i n put a f mm»m* v^ WLm mmrtsr mm ba 4mri^nA fmrn two i t aa ra l 
( i ) Soiaa t y f * o f anari f produoiag dianioal raaotioa ooi#lad to 
prooasi or 
( i i > as ^laa^rac^MHiiaal crttAiant o f a d i f fa^ant aoluta across 
^^ai»jp mt ^aMjifv w 
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Th* fir«t iypm ot ByvUm Is c«Xl«d a prlaaiy active 
transs>ort tystas^ alnca only a aiagia soluta is involvsd* iNiaara 
as the systcns in v^ch an alactroehsaicsX gradiant of ono aolutat 
drivas ttm aovaa^it of anothar solute are callad secondary active 
transport syatwi* 
2 
Aaino acids and dipeptides were transported from 
alkaline to acidic and acidic to alkaline solutiona* in two sets 
of expexdaentt using respectively positive and negative lipophilic 
carriers* 1^ eaqperiannt se^ ai to liave been reported to this date* 
which could c^ soibine two such esi^eriaents into one* 
In view of the vital role that heastoglohin ferritint 
catalasest peroxidases* and enzyme of eyto4^ro2ae syateia play in 
biology thxmi#i chelated iron aixt the fact that nucleic acid at 
physiological pH is hi^ily associated"^ with ions» it was thou^t» 
worthwhile to study the transport of iron as iron acid through 
liqpaid aeabxiBiM* Active trsnsport of several ions* but not of iron* 
throu^ ^jTier aediated organic liquid aeabranes using several 
tkm.7 fia»lO 
antibiotica* polyethers ' and other anionic carriers have been 
successfully studied* airther no active transport see« to have bwNi 
reported across solvent type liquid oeaibrane* 
Bere we report a novel transport sys^a in tdiich Fe « 
•igrated as fl^^Cl^J^ froa HCl into HBr across a solvent type 
liquid aenibraae and thereafter relaim back to the ozlginal compart* 
•ant as ^f^^r^^J^ which iaaediately changed back to »{'F9Clf^7* 
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So ftlso* H^FftBr^ ^^ passed from HBr into HCX across tbs ssas 
asajbrans and oa«a back to HBr aid* as if^FaCl|^J^ilviiig back 





First Bxpsritttnts Transport of F#^*, as H^FsCl^^from H d 
into HBr 
In tMs s s t of sxpsriiMmtsy F e d , in concantratsd HCl 
(13 aa of 3x10*^ aoX dffi*^ « FsCl^) was takan in one liab and tha 
sasa voluaa (t3 aO.) of <^ncentrated l&r in tha otiiar Xiaib of a H 
siiapad glass asaaoi^ly (Fig. 4)» The aei^rane (20 idL) i^iich 
connected tim two lisi»9« acd floated oiw^r the acid layera in the 
tifo lioihs was a 1s1 mixture W volui>ie of dibutyl ether and bouene. 
The tm a<iueous Xajrers i^ ere stirred vigorousiy hy a oagnetic stirrer* 
Fe^^t migrated as B/^FoCl^Jtrom the eoapar^aent containing HCi» to 
the ix>]qpartBent containing HBr* %^re i t iamediateXy changed into 
H^FeBr^^7» and there after returned hack to the f irst compartment, 
where i t vas reconrerted into H^FeCl|^^* This continued (Fig, 1) 
t i l l an equilihrii» ms establi^ied (Table 1)» 
Second Experiasnt: Transport of Fe , as tl^fMlr^^froM HBr 
into Hd 
In the second set of experinentst FeBr.9 (13 ml of 9*2x10*^ 
aol daT^) in concentrated HBr in the first l i ^ and c<mcentrated 
HCl in the second li«b. Fe^*» adgrated as l^FeBr|^.7fjn>« HBr te «ie 
H d side, H d changed it into H^Fed^^J^, lAiieh passed back to iffir 
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eo^purtaeiit and got r«coinr«rt«d into H^F«&r^^* l^ ia again 
coatinuad t i l l tliara vras an aquHlbrivn (Fig. 2}« tBbXm 2« 
Third Ex^mHme^att Comstar transport of laetal acids» ^FtCX^J^ 
and H/*F8Br^^7at aqual concantrations 
In t h . third Mt of » c p . r i » n t s RTFeCl^JCFsClj ^ c o n e » -
t ra ted HCl) and H^FeBr^^(FeBr, in concentrated iiBr) of ©q,ual 
concentration (3x10 ^ moil dm '^ ) were respactivel/ placed in t!ie 
t«#o Iifil>s» Qancentration of Fe » in e i ther c c^^ r t i ^a t a f i r s t 
f a l l steeply and fiimlly hecaoe statlonai^ (^ig* 3)« 
In the coi^^rtaft&nt containing HC1« the ooncentx^tion of Fe"^  « 
however registered a r i se a f te r tjae i n i t i a l f a l l (fable 3)» leakage 
of Hwl in IBr and IBr in Hd i s negligible (only quali tat ive t e s t 
have bee^ perfon^d) . 
In a l l the three experiiMmts reported li«re» the concentration 
of !^FeCl^_7at equllibritM was auch higher than that of H^FeBr^J^. 
The h i ^ e r concentration of I j^FeCl^^at equl l ibr i i^ I s dvM to the 
greater s t a b i l i ' ^ of the chloroGoiaplex» which in Uim i s due to the 
h i ^ e r e lec t ronegat iv i^ of chloride ic^» In a l l the three se t s ef 
e9Q»«riaenty the suai t o t a l of Fe 9 in two listos a t equilibriuK was 
•ueh less than the s tar t ing aiaount» tim differwiee however being 
i n the fiefflbrane* 
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Pr«p«rtttloR of a»t«l aoias» J ^ F « C l | ^ a a i H^t'eBr^^ 
S%« aeta l aeids \mrm prepared hy tSm addition of weighed 
a«,unt of F e a , and FeBr, In c o n c n t r a t l Hd and HBr re««et i t rely. 
All the reagents used w^*e A»H» CB,D»II«) grade* 
Test for leatcage of 1^1 ia to HBr, aad HBr into Hd 
Sodiuffi eax^xmate prepared solution WS^B mixed wlih equal 
voIt;use of osncentrated IMO, Isoiled un t i l a l l the bromine ^ v e been 
expelled* then Agt^^ solution was added to atove solution« a white 
t e rb id i ty shows th© presence of Cl" ion in t r a c e s . Sodiim carbo-
nate prepared solution, containing HBr in tx^ces and HCl in excess t 
was decomposed by ^^2^3 ^ heating, very l i t t l e fumes of HBr was 
evolved slewing t l ^ presence of Br** in t races in coneaatrated HC1« 
Preparation of SM i^brane 
Xt was prepared by aixing dilnityl ettier tuad immmtm in 1a1 
proportion (by volu«e)« 
DeterKiiiation of X m^t, of the H^FeCl^^and l^FeBri^J^solutiona 
The X mm* ^^ Hr^Clj^.7»olution in Hd wui the 
(200 nil} as that of the Material obtained a t ecivtilibriuB in copart-
aent XI in esgiwriaent No* 2. So a l so , ^ FeBr|^^7solution in HBr, 
and the isaterial obtained af ter tran^;>ort in coopartaent XI in 
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•xjpsrJjBent ^ . 1 liadl tlie meximm absorli^uace a t the smm wave 
length (255 tm)» The \^^^ was recorded on pye iiiUieaiQ (FD 60CK)} 
apectropliotometer. 
12 3# 
Detenaination of Fe 
0.5 ml l^F©C1^^7or 2 GJI I^FeBr^/solut io i i waB evaporated 
to 4xynea9, digested ax^ diluted wLVa. d ia tHled tm'^^rt oow to i t 
waa» added» 2 sal hti HCl, diluted» followed by addition or 3 filt 
411 Kaa^t £t^ tiae volime ^ma made to 23 ml* How optical deziail^ of 
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Fig.l Transport of metal ocid H[FeCl4] from HCl to HBr. 
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TAhU - 1 
Transport of m&taX acid* l^FeCI^^ froa HCl into HBr* 












































Concentration of H^FeBr^Z 
in coB^>artBent II 
mol da -3 
0.00 
8 .75 X 10 -5 
1.13 X 10 
1.44 X 10 
m4^ 
1.69 X 10 
1.82 X 10 
1.82 X 10 
1.82 X 10 
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Time (minutes) 
Transport of metal acid HlFeBr^] from HBr to HCl 
100 
T«b3.« > 2 
transport of mmt&l acid, H^FeBr^7 fro« HBr Into HCl. 
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Time (minutes) 
Fig.3 Counter transport of metal acids HIFeCl^] and HIFeBr^;] 
at equal concentrations* 
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TatoU - 3 
Count«r transport of oMital acids • It^FaCl^ 7 and fl^Pafir^^ 
at aqual concantratlonst 5.0 x 10"' aul drn^ 
Ti«a Concantratlon of H^FaCl. J^ Concentration of 
mlnutaa in co^partaant I H^F«Br^7ln 
aol ds*^ coaiMurtaant ZI 
^"^^ ^ " * 
0 5.0 X 10"^ 5.00 X 10"^ 
5 2.4 X lO"^ 1.70 X 10"^ 
15 1*9 X 10*"^ 1.60 X 10*^ 
25 1.7 X 10*^ 1.75 X 10"5 
40 1.8 X 10* ' 8.75 X lO"^ 
60 1.9 X 10*^ 4.25 X 10*^ 
75 2.0 X 10*^ 3.75 x 10"^ 
90 2.0 X 10*^ 2.88 x 10"^ 












FigAi H Shaped glass assembly 
M= membrane 
S = magnetic stirrer 
Ci,C2 = compartment I and II for solutions 
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DISCUSSIOM 
15 F«rrlc halides in cai^«ntrated heiogen adds* exLai» aa 
HjO ^?«^4«7*"X, being the halogen* The proton in tim aqaeoxm 
phase i s further 
depicted below. 
f r associated \>?itl) t^iree water HKileeules aa 
H U H H 
0 O 
If f F e ^ ^ j " H . ^ ^ ' « ^ 4 ^ 
6 6 
K H H a 
structure of i^?e%.7 in aqueous i^ iase 
fl,«ln MKl MorgMnov haye rt«,«." th.t - » n HjO* f F ^ a ^ j ' 
is sh}^ *^>^  ^ ^^ dibutyl ether* tknet acid passes into ether as 
H^a (BitgO),^^®^!^./** It oeanst that three water molecules of 
the hydi^^^ proton* have been r e p l a ^ bjr three dibutyl ether 





















Spdciea in aqw^uB phaso ;ii;ieci@3 i n Or^oiic j^baae 
20 
Iia esrtraction sti^i@s of SOJU© other sietaXs Xlkt* 
Au, as ll^^AnCl^J trom at^ii«o\ia into t r ioe ty l ^loaidiixtt oxidla 
(tOtO)^ i^Flbon tetractilofdde mixttiz^y i t has apdjn h9&i pjroposed 
t^iat i^iiltt* ffietaX aciti pisses flrt»® a%iM«ou8 into orgsjoic jgi»8«» 
the tbre@ ibt^ rog€M» boaded ^/m.tmt isoXeeuXes ar® r»pXac«(l by ttut 
li^dic tlirwe TOH) moXoc^es* T&e struotur* of tas abov« aidtaX 





















Stmeture of U^huK.Jin carbon tetrachloride TOi'O 
wixtarm, «s?here X« being halog«n« 
If tim extraetant i s not laasic enou#i to repXaea a l l Vm 
tliraa watar molaculaa of tine iijr^ratad pI^ oton« i t attaches i t s e l f 
to the three iimter solecules of the hgrdrated proton* But i f i t 
20 i 0 aore hasie* i t can replace the three iqrdrogen bonded water 
























structure of H^'^uK^^ta TOit? carbon tetr^chloilde 
aijcture* %2heii l^It) i s in excesa. 
As in our e^qperimentst the two t^ t a l acids behaveid alike# 
we presuiae tJbat, l ike chloro acid, broaoacid also existed ast 
£""1^ -3 (ButgO), 7 * ^F@Br^^7* in tb© waajpane phaao. 
^chanisza: 
Coii^artBant I («C1) Hesbrane Corapartiaant I I (HBr) 
t i 
Exparimant Ko, 1 
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The tnunsport of solute» across li(|ui(l membranes 
Involves transfer across the liquid • liquid interface and is a 
coaiplex physico-chemical process* that has neither been properly 
studied nor understood* The inavailahility of kinetic and 
therfaodynamic parameters for phase transfer processes at the 
liquid -> liquid interfaces does not allow the understanding of 
transport of solutes through lic^id i^mhranes to grow* 
Cytoplasmic sE^ mbrane* the outer envelop surrounding the 
cell* acts to reflate the internal environmont of the cell and to 
transport substances into and out of it* Internal membranes * idMch 
enclose the nucltms of the cell and such cell organelles as laicro* 
soa«t mitoclKmdria and the chloroplasts of plants* play s^a equally 
important role* For exai^le* the isitochondrial membrane is where 
adinosine triphospJmte (ATI) is aanufacturedi hence this membrane 
supplies the fuel for all the cells setabolic processes* d^ imilarly* 
the chloroplast nemlHrane is the site of photosynthesis* 
A good deal of InfonaatiMQ now exists concerning the basic 
structure of neabranes* «^ch is responsible for oeaibrane to 
accofi9>lish »o oany different tasks* One fact to eiaerge* recently* 
is that* cytoplasmic and internal nembranes are essentially alike; 
both are composed of proteins and the fatl^ substances called 
lipids* In aaooalian cells* siaall asxHrnts of carbohydrate are also 
prestnt, associated either with protein as glycoproteins* that is* 
carbohydrate bearing proteins* or with lipid as glycolipids. 
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To review the aws&rane picture# ^^ t^; has been described 
so far* we see t^t the lipids* which account for roughly half 
of the oass of a mam^^t&tm^ are organized into a thin bilayer and 
that the Aeoibrane proteins are either perched c»i or near the two 
sides of the bilayer or peneterate into or cos^letely through it. 
This picture is accurate tut incois|>lete» 
Okie of the vsA^or adiranees in cell staidies* during the past 
few years* has been the realiasation that ae«branes are by no tmam» 
static • Both the lipids and the proteins have con8idei:^ble free-
dom of mofvemmtm Thus providingt reseiablance with liquid aeobrane* 
The ejrtractiim of acids and aetal acids have* however been 
often studied owing to their itaiportance in biological system* 
There is considerable evidence* ii^ich provides relationship betwe«i 
the stznioture of aetal eosqplexes and ttmir biological response • 
The B^ clmnisffi of migration of different salts* throui^ different 
non aqueous liquid Meiibranes have bmmi s^idled under varying 
conditicms. It has been desitonstrated that a rate controlling step 
is not diffusion in either the aqueous or organic phase bat is 
governed by the «igration through the interface* The understanding 
of role of aenbrane naterial in deterslning the transport is still 
very unsatisfactory* 
The objective of the present work is to study* the trans-
port of divalent transition aetals* 9» their aetal adds ' throu 
liquid nenbrane* prepared by aixing isopentyl acetate in b«izene 
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(6091 by volusoe) and relate the observed rate of ti:n%nsport with 
the interaction of setaX ions with flaM3in%»rane aaterial. 
Iheoroti<»aiX 
^.^e roXe of kinetics studies in transport studies has been 
sifBiXar to the role of cheniicaX kinetics in tha study of rnizymB 
steehanisia* ExperiisentaX data art obtained and kinetics are calXed 
into play, in en atte»^t to correlate the data with a particuXar 
theoreticaX a»deX# I'^any different wite equations *^^ for the 
transport process have been pubXisbed« Hast of these* equations 
are based on the carrier modeX for facilitated diffusion; the 
variety of equations arises because of the diverse assumptions• used 
in the derivations* 
The experiment is equivalent to setting up a system consist* 
ing of two aqueous phases separated t^ an oil layer (Fig* 4)* 
The transfwrt of the coiqpXex species from compartment A to 
coBi^ rtiBffinit B» consists of the foXXowing steps. 
a) DiffusKm thzxtugh a variabXe concentration Xayer at the 
interface Z* 
b) Tnmsport across the interface X* 
c) Diffusion through a variabXe cottcent]:%tion Xayer at the 
interface of the oiX phase* 
d) 3a>'ae as C* 
e) Transport across the interface IX. 
f} 3a»e as A. 
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Since good a^chanical stirring was done in all the 
three phases bulk diffusion can toe considered as a fast step. 
From Pick's law, the flux density, F • D x grad. C 
where D is the diffusion coefficient and C the concentration 
of diffusing species. D is of the order of 10*^ cm^/Sec. in 
most liquid system and because of vigorous stirring, the diffu-
sion layers in these ejcperiaents are very thin, and have been esti-
q 
mated to be approxinately 30 u. 
The system consists of two aqueous phases separated by 











Let us now define: a and b the two interfaces separating, 
respectively, the oil from aqueous phases A and B. The following 
notations are V^» Vg, V^, voluoes of the three phases (in dar) 
C-, Cyf OQ concentration of the complex in the three phases 
(mM dm'^). f^Q, fp^, f^Q* fQ2» 1^*J« densities of the coatplex 
through the interface. 
0, resulting flux 
A, area of the interface (equal for a and b) 
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^ow* par t i t ion coefficient of the cos^lex between o i l and tiiater« 
^^ow ^wo i^ te constants of the coasplex exchange reaction t^tiifetti^ 
oil*%iater and water • o i l . 
R» gjas constant 
Ti, absolute tespeztituret 
TX( average a&xn teaperature. 
t» t ine 
^iatilef&atical description ot cosi^lex diffusion throui^ a 
non-^qpeous liquid membz^ uie 
a t equilibrium f^ Q . f^ ^ or 
iSi-lBl « f^ . Pow (3) (C^ ) eq , K ow 
when transport proceeds* a steady s ta te ia rapidly reached* and 
the complex concentx^tion in the membrane reaains approxioately 
constant. The following equation expresses equality of the 
resul t ing fluxes through the two i^ffibranes (a) and (b)« 
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froa irhlcJi» 
=o • i ^ <C, * C^) . ^ (C, • C^) (5) 
and the flux i s 
0 . A ^Sl^SiL. (c^ - Cg) - A i i 2 - (C^-C^) (6) 
9 Equation (6) is slightly different fro® the equation 
quoted by Teorell, 0 • AK (PC^* C^) where K is rate constant and 
P» the partition coefficient* the disagreement between equation 
(6) and the one proposed l^ feorell derive fros the fact that the 
tvfo interfaces have been considered here* 
For the snail teaqperature i^nge of the experisKsats, it 
can be assuiisad that* enthalpy and imtropy oorrespcmding to the 
free energy of activation are constant and the rate constant K^^ 
can be expressed by the Arrhenius equation 
Kow - Ke"^''^^ (7) 
The change of concentration as a function of tisae is 
"^  dt dt ^ 
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FroiB •quation 8 and 6» for V^  « V^ 
dt -y, —2 ^S-V <^> 
1 
Experimentally» the cos^ plex concentration in the Isopentyl 
acetate is constant and acniil* The total amount of complex is 
constant and equal to the initial quantity. 
1^ <C^  • ^ 2 ) • V^ jCo - Constant - V^C^ initial (10) 
f roja ( 5 } 
V^(C^ • Cg) • ^ gy V^i (C^  ^  Cg) « V^C^ initial 
and 
C • c, • --J-r—r C, initial « C (11) 
2 
Kfhen P^ y is small» C is close to initial concentration in 
coMpartsent 1. From equation 9 and 11. 
Ifa. A ^owj-ow ^ c * . 2 C ^ 7 (12) 
dt ^- 2 *- 2 
For the initial condition t « 0, C^ * 0» then 
I* 
i 
By plotting the experla«ntal results on a sesdlofiarathaic ^ r^aph 
experioental values of KQW PQH are obtained. 
C^ • £ (1 - e" ^^/^i^ W ^owt (13) 
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Preparation of is«^l acids 
fhe istetal aoids of cot^lt and coppar w^ra praparad lika 
in Chaptar 2. 
Haasureiaant of the partition coafficiant 
Tha partition coafficiant (Tabla 4) of the metal acida 
batveen organic phasa and imtert wae determinad aa follows s 
50 ml of metal acid solution was shaken with ec|ual 
volui&a of meabrana ®itarial at constant tessperature for about an 
hour» and then allowed to ittand for tan iKiurs, The tao layers 
were there after analysed npectrophotoc^trieally for the isetal 
content* 
Determination of Co 
10 ad of organic or 0,;& lal of aqueous phasa containing 
2* 
Co as aetal acid mtB evaftorated to dryness digested and diluted 
with distilled water* To it was added» 5 al solution, containing 
20 gn* of stannous chloride in 40 ml of concentrated HC1» diluted 
to 100 si with distilled water* followed by addiUon of 25 al of 
acetone and nixed throu^y* Now 2*? ml of 50j4 aqueous afflaoniun 
thiocyanate was added to it, sixed and diluted to 30 al with 
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distilled nHitftr* The optical density of the atove solution was 
measured spectrophotossetrj.cally at 625 ffi>u, against reagent blank 
containing aljove r^ngents in distilled iiater* 
Determination of Cu 
50 lal of tbe organi.c or ID nil of aqueous pimse was 
evapox^t^ to dryness dig€>sted and diluted with distilled nmter. 
25P^ solution of trietbanol amine was added to It» in iMillng condi* 
tioQ until deep blue* theri 10 si in excess» diluted to 50 GI1» 
optical density of the a^>ve solution was iseasured at 650 mM» 
using Bausch and Lomb specttronic 20» a^inst a reagent blank contain-
ing 3^% of triethE»ru>l amine* 
Measurement of rate of trsinsport 
The experissental set up» employed in transport studies is 
represented in Fig« 4. To start with» laetal acid solution was 
taken in coapartmimt It and equal volu2se of concentrated hydrobroiiic 
acid in compartBient IX* Solutions in either cospartment were shakcm 
throughly at a constant r@.te by sagnetic stirrer* The liquid 
uteaorane which floats above* the solutions of the two liabs was 
60;a isopentyl acetate benzene mixture* 
The whole set up WBLS tiieroostated at 34^C* Metal acid 
slowly passed from coi^art«ent I to coopartment II through liquid 
Beabrane* After one hour interval the ssssple fron cospartsient II 
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va« plpp«ted out for th« aimlyalt of metal ijtm* Thus £lw 
transport caisples ir«r« coll«ct«d» «ach with fresh cxperin^its. 
3^ fo sttts of «9®rla«:its (TahXe 3 ) w«r« parfon&ed a t two 
jsora different t ^pa ra tu ras 41**C and ^**C for Co • 
For the tranaport atudy of Cu % three se t s of eao^eria^nts 
were performetl a t three different tei^eratwrea 21**C, 30**C and 40®C 
Cl?al>la 6) I lka Ck>^ *, 
Concentration meaauresumta were atarted only af ter the 
establlahseat of ateady conc^itratlon In the aealirane aolution* 
In both the llffil:^ a t the oloae of axperlsents th& solutions were 
found to have the tmxlwum ahaorbance a t wave length (31^ nm for 
Ou^* and 705 ma for Co '^*')* 
# 
The plot of log C ^  * Cg) versijs tloe waa a stt«lght line 
(Fig* ^) for the tranaport of both the caetal acids studied here* 
the rate constant K Q ^ , ^or the exctiange process» measured from the 
slopSi follow the Arrhtsieous equation* The activation parameters 
for the transport of Co and Cu acroaa water/oil Interface were 
valuated by the linear least squares techniques* 
Oeteradnatlon of degree of polyaerlxatlon and the nuaber of £ree 
Isopentyl acetate aoleculea Involvod In the extracted species in 
an isopentyl acetate*benz«rte islxture* 
It was deterained by the prc>eedure as described in 
Chapter 4* Tables 7» St 9 & 10* 
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Partition cotffici«nt8 of satal acids 
Ta^a- Concentration Concantration 
Matal aci<t» ratura of aatal as of aatals as p^  p 
*>C aatal acids in natal acids in *<>w w^o 
orptnic pliass a<|ueous phass 















4.06 X 10*^ 
4.25 X 10*^ 
4.33 X 1 0 ^ 
5.0 X 10"5 
5.5 X 10*^ 
•3 6.0 X 10 ^ 
3.75 X 10*^ 
3.63 X 10*^ 
3.40 X 10"^ 
6.00 X 10"^ 
6.13 X 10*^ 
6.23 X 10*^ 
1 2 3 4 5 
Time (Hours) 
Fig.5 Transport of metal acids through an isopentyl 
acetate-benzene mixture. 
ttibU - 5 
Tzwisport of aetal acid H2£"CoBr|^^thn>u^ isop«ntylac«tat«' 
benzene lalxture* Ini t ia l concentration of a^CoBr|^7ln 
co^partaent X* ^.36 oH diT^ 
Tea5)e- Tlae Concentration of I /^"CSoBr^7 C*A - C 
rature Hours m coo^artaent II ^ * 
1 0.31 1*71 
2 0,40 1,62 
34 3 0.65 1.39 
4 0.85 1.17 
5 1*03 0.49 
1 0.33 1.60 
2 0.43 1.58 
41 3 0.66 1.34 
4 0.88 1.13 
5 1.06 0.90 
1 0.35 1.64 
2 0.45 1.54 
48 3 0.71 1.28 
4 0.90 1.09 
5 1.12 0.88 
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Table • 6 
Transport of aetal acid H^^CuBr^^/t through iaopentyIacetate« 
benzene islxture* I n i t i a l coneeatratiim of Hg^CaBr^JTin 
coiQ>artsent I , 20aM dia*^« 
TiEj© Concentration of H^t^'CuUVf^ 7 C / j , * Cp 
raturo Hours m coagJartiBent I I * ^ 
s»* dm'* 
1 0»75 e.65 
2 1.50 7.89 
21 3 2.25 7.15 
4 3.03 6.39 
5 3.75 6.02 
1 0.80 8.56 
2 1.^) 7.76 
30 3 2.36 6.99 
4 3.13 6.23 
5 3.90 5.46 
1 ii,Q^ 8.46 
2 1.70 7.64 
40 3 2.47 6.84 
4 3.25 6.06 
5 4.05 5.26 
3*log(M2*)w 
Fig.6 Degree of polymerisation of metol acids 
in 1.003 & 2007M isopentyl acetate-
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Table - 7 
Degre« of polymerization of ctotal acid» llJ^iZo^rj^Jin 
isopantylacetate-t^nsex^ mlx'&ira* 










mol da -3 
15 
2,5 X 10 
7.5 X 1t> 
1.1 X 10 
1.3 X 10 




3.0 X 10 
6.0 X W 
9.0 X 10" 
1.2 X 10 





7.4 X ID 
1.5 X 10*^ 
2.4 X 1U*^ 
2.9 X 10*^ 
4.2 X 10"^ 
3.0 X 1D"^ 
G.O X 10*^ 
,-2 9.0 X 10 
1.2 X 10 






.J of isopent; 
acetate 
benze; 
Table - 3 








uol d» r3 
15 
6,25 X 10 
1.25 X 10" 
1.^ X 10 
2.50 X 10" 
3»75 X ^ 6 
•5 
-5 
8.^ X 10 
1.74 X 10 
2.61 X 10 
3.45 X 10 






2.23 X 10 
5.50 X 10" 
8.00 X 10 -4 
1.20 X 10 





6.70 X 13 
1.74 X 10 
a.61 X lo"^ 
-2 3.45 X 10 
4.35 X 10 -2 
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3.20 X 10 
1.06 X 13 
1.95 X 10 
2.50 X 10 





3.70 X 10 
1.74 X 10 
2.61 X 10 
3.45 X 10 









0.5 1-0 ].5 
1*log{'sopentyl QcetQte)o 
F»g-7 Number of isopentyl Qcetote incorporoted with 
metol acids-
5 0 6 
Table - 9 
Sumber of incorporattti isopentylacetato with raetal acidt 
*^^ (^tiTj^^Jin li^nzet^. I n i t i a l <»mccittration of li^OoBr^J^ 
in aqueoua piiaset 0*15 s^l da • 
J of isopentyl 
acetate in henzetiB 
Concentration of Co* 
in o r ^ n i c phase 
inol dm r3 
Uistribution co-
efilcient of Co^ -^, 















2.0 X 10 
1.7 X 10' 
2.6 X 10 
6.5 X 10*^ 
1.2 X 10*^ 
4.0 X 10*^ 
5.5 X 10 •3 
-2 1.3 X 10 
1.6 X 10"^ 
4.0 X 10*^ 
7.3 X 10*2 
-4 
1.33 X 10 
1.10 X 10*^ 
1.74 3C 10*^ 
4.35 X 10"*^  
9.42 X 10*"^  
-2 2.74 X 10 
3.80 X 10 
9*49 X 10 
1.15 X 10 
3.64 X 10 






Table - 10 
*%ual}er of incorpomted isapeat-z l iceta te with sietal ac id , 
kl^^" OiBTf^Jln bmmmie* In i t i i s i coacesitraticm of ^^'-^^^i^J 
i n aqueous pbas@, 4.75 x 10* mol d®*^ 
;: or isopentyl 
ace ta te i n 
beazeae 
t;;k>QCcatXTitio:i of 
Su *, in organic 
phase 
tsol Oat -3 
l i i s t r i b j t i o n co~ 
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In coiie«ntrat«(l aqutous HBrt dimltnt cobaXt and copper' 
ajpe Imoiai to axist as tatrahedral O®**!*-/ * ^ i»op«ntyl 
«e«tat« copper acid i s prasant as ion pair » ^H_0,3AA^ * H 
C^^^i^J * • As in our investlgfttioQ tim two oatal acids behava 
aXika* wa presuae that cobalt add wiien shaken vith isopentyl 
acetate*b&iizene mixture passes into the or^oiic plaase as ion pairt 
l ike fB^0.3hAj*H CCoBr^J^QM i s known for ^ C u B r ^ ^ " . 
Assuming that each» metal (Copper as well as cohalt) acid i s ex-
tracted as one single species having J isetal i<m3 in the organic 
phase* the extraction equilibrium will be as followsi 
where AA« stands for isopentyl ac«>tate» subscript 0 and w» refer 
to organic mid mter phase respec14.vely« The metal concwntratiim 
in the orj^unic phase in terms of iietal concentration in thm 
aqueous phase and equilibrium cosuttant K i s gi^eny 1^ equation 2» 
The straight l ine plot of Log Ct^*(orfi.) " •^^ •"* *^** ^* (eque-
ous) proYes the ac^lilnriua (1)* FVirther* the unit value of the 
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•lope in «lth«r case* mtmnB that t»th« cot«Xt and copper ar« 
•xtractad in th« orianic phase aa nonoaier (Fig* 6» Table 7 and 8)* 
Lograthia of equatitm (2) oa rearrangeiBent yields equation (3) 
log ^'^j9rRt) , n log C^J^ • K« 
%: (aq») 
where K* • log K • J log C^-^J • C^J^ i» invariant 
log D « n log /*AA_7o * ^ * ^' ^^ ^ 
Fiirthert the plots of log D of metal acids» cobalt as well 
as copper* versus log of isopentyl acetate conc€S2tration in benzene 
are straight line (Fig. 7) having slopes (Table 9» 10) equal to 
three* The intercept o^^ures log HI. As Jy has been identified as 
unity* the constant K equals K • the €«traetion equilibrium 
constant. 
In the extraction of II^AuBr^ into organic liquid* it has 
a^«« 41% 
been proposed that* h^droniuai ixm is ;l^ irther* liQrdrogwQ bonded 
with tliree water nolecule in a.queout phase* passes Into the organic 
aediiua as ion |«ir« It is tkk«t®tQV% porpsed here in the case 
under investigation* in the aqueous aediua* the first proton is 
solvated and hydrogen bonded with three oore water aolecules 
on passing into the organic phase* the hydrogen bonded water aK>le«> 
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Xoa pai r in oripsiiG setliiM 
TMs fittdiBgt iri2*t tl}« @:»M©taiie« ot wstmmm% a s s o c i a t e 
with tfar«& isopentyi acetate siolecultts in o r ^ n i e pliaiie is^ in 
j^armoi^ «iitli ea r l i e r oltservatiim X!m.%t m&tsiX aeitis of ^ t l i copper 
and c o m t i a isepentyi ace ta te . ^ » t 8 aa ion i ^ i r £n^0.3^J* 
f Htl®r4>J*. 
CM spectral evidMice. i t tiae siiggested^ tliat in ieop^ntyl 
eeeta te . ttie v iole t »p«ci^ £BJQ»3MJ^ £Bicmr^fj i s in 
eiluililariuB with « green epeciee £^»^^jt'*' /"Cll&^^•2M^*t which 
in turn i s in e«iuilit»rii»ii wi-^i the sclirattd cation* In the l igh t 
of mir oheervation thet t eech copper in ieopent^l aoetete*i>enxene 
aiacturet i s essocisttd wi-^ three isopentyl ecetate sulecules* I t 
i s obvious tha t the equiiitiriuB exis ts wil l he as follows s 
i 
I I 
HBr • SStiT • £(^.3AkJ 
I I I 
2 * 
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The total copper concentration in tbe org&nic pDese 
^^^iort. ) ^^^^ "*** ^ * ***• **^ **^  **** coacentratione, of the 
species, X« II and III. This on passing as beforey leadis to an 
expression analosous to the foregoing equation (3)* The constant 
K this tiiae is a coc^ xisit tera and involve constants* K^ * K^ and 
saturation conc^itration of HBr«Br* in the organic phase* 
In concentrated atiueous H^t ^ ^ 2 ^^^ previously 
regarded to be present® as {^CoBr^J* and (^Oo^W^J* » But recently* 
Cotton and €»>iiforkers « on spectral evidence have suggested that in 
concentrated aqueous HBr, CoBr^* «aostlyt exists as C^^t^J * 
and also to soaie significant ext«it as CCo!Bty'^JiJ\ 
In the organic phase cobalt is monomeric (Fig* 6) and 
associated with three isopentyl acetate iaolecules (Fig. 7)* In 
view of the fact that* /"OuEr. J^ is known to exists and that 
copper and cobalt * behave alike* in our stiuiies* ve presuiMi that 
cobalt is presented as ^ H^O.SAA^Z^^HCCoBr^J" and fn^0*3AAj* 
^QoBryHJiJ * in isop«ityl acetate and exists betwe^i the two 
phases* as followts 
K 









Th« total concentration ot Co » in th« organic plifts** is 
til* sua oiT oonc«itr»tion of ths tmi cobslt spscies 2 SIMI 4» prssent 
in th. orvmlc phu.. uxl <K> .!«>. th. oone«.traU<» of Co^* i» t>» 
squwous phase» is ths suus of two spsciss 1 and 3 pressnt in tlur 
aqusoua phass* From the alx>ve aquilihriuffi it follows* that ths 
total ostal eoiuientration in the organic phase» ^ /^ f.* ) ^* 
proportional to the product of total aetal conc(»itration in the 
aqueous s^ I'mae* and third power ot isopentyl acetate concenti^tion 
in the organic phase* 
This again ei^ ls up in an expression, aimloeoua to 
equation (3) and is in conformity with ots^  conclusion of oonooeric 
tovm of the complex in the organic phase* anA the association of 
three isop«atyl acetate oolecules per cohalt cation present in the 
organic phase* 
As transport froa cospirtaent X to coi^artMent II has he«i 
Beasured with rapid stirring* the transport across the interfaces* 
would aeasure the flow rate and not the diffusion throui^ the 
menhrane* Further* \|g«x ^^ ^'^ aqueowi solutions* in oiapartaent Z 
and II at the equilihritn for either aetals* are the saate* Thtt 
foregoing discussions* regarding the change in the solvation of the 
solve ted proton* suggest that during the transport* of laetal acids 
froa coafHurtmnit I to co^partaent II proton exchangee* its hydrogen 
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bonded «fat«r w i ^ lsop«ntyI acetate aolecule at the Interface I 
and then back to nater at the Interface 12 • As the cheoical process 
occurring at tkm interfacest I waA XX (asaujiing tiiat solvation 
exchanj^s occur at l^e interfaces) are Just opposit of each other* 
A H^ and A H^t i| they refart to solvation changes alone« should be 
equal in magnitude but opposit in si@a« fhe disagreet^t ini^H 
values* (Table 11} suggest that* the physical pi^cess of boundary 
crossing is coupled vith hydration changes* and A H is probably* the 
sua of three heat tertas* one for tim re^soval of tiaree tsstde&gm bonded 
water saoleculea and the othi^« for passing from aquiKius intx> organic 
phase auad tim third one* for the addition of i^ rdiHigen bonded isoptm-
tyl acetate csolecules* So also* ^^^2* ^^ ^ ^ ^^^ ^^ o^er* three 
heat terjiygi* For either metals studied here* the lower value of i^ y^  
in con^arison to K^^ (Table 11) is quite in accord with l^e higgler 
stability of the coasypleK in the aqueous phase* Thus for both the 
eetaSsthe activation energy for the migration froa organic to aqueous 
phase is lower than th£:t for its iiigration froa wat«r to organic phase. 
The deviation in the activation energy value for the trans-
port of cobalt acid is large ('^ ^^  7*3) while that for copper is 
saall (s^0»3B)* Xn case of cobalt two species are transported «diere 
as one single species is in transport in case of copper* The two 
cobalt species having differant 1»«nsport rates well have different 
boltzaan factor. The differimee in boltasaan factor woiald change 
these ratio with a change in teaperature and probably it Is the change 
in the ratio that is reflected as deviation in the activation energy* 
value for the transport of cobalt* 
6'* ^
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In th« •xtraction of c^taX ions with aonocartx>x^Iic acids 
met&ls were found to exists as polymeric as well as oonoeaerie 
carboKylates in the organic phase* Copper (II) caprate is exti^cted 
into benzene containing capric acid in excess » The structure of 
the extracted species Is a dimeric skeliton as seen in copper (IX) 
2 
acetate i^nc^ydx^te in the solid state • sii^lar results have been 
obtained in the extxtiction of copper (II) with varioim otijor car-
boxylic acids^*^. Oiioeric copper (II) capav^te was found to distso* 
elate into osonoa^r at very low concentrations ( <10 14) in the 
ori^nlc phase* For the extraction of £^ ickel (II) and «>lMlt (II)» 
the situation is diff«^^at from above cases* in the sense that 
sonotaeric species* niR^*^!!^* and CoR^*^^^ ^^^ extracted t34;ether 
with diseric species (lilR^'SHR)^ and (CoR2*2^'^)2 ^ '^  laillisiolar 
level •• The extracted species of zinc(ll) with aliphatic aono-
Detailed structure and stereochemistry of the extracted 
species of the oe^rity of first row transition »etals» noteably* 
an^*, Fe^'^, Co^*, nx^*, and Cu^* from aqueous acidic »edia by dl2 
(ethyl hexyl) phosphoric acid (112s;) in or^nic diluents* have been 
reported* The a^tal ions* were found to exist as aonoiaer in the 
organic phase with the composition of complexes* 2nA2»HA* ZnA^^SHA* 
Cuk^,mA, Cok^m2HA, CdA^^^HA and NlA^.^tHA* where HA denotes* the 
65 
11 
sonomeric saolocul^ of extractant In n-dkHlecane* FUrtber Jato 
e t «!• haVQ »tudi«dL -Urn ster«ocheisistr^ of the above extract«d 
complexeB In the or^sxlc phase* H« reported t e t t ^ e t ^ m l atnustajuni 
for tita complexes of divalent* col^Xty man&m«se and zinc with th« 
eoeposltion, Co(D2£)2» >n{iJ2i.}^ and ai2n(i)2£;)2» c^^pldxes of tim 
divalent iron and nickel ^n s^ foimd t^ dxlst as oo t^ed ra l %fltli t^e 
atructure* F©(D2£)j>CngO}2f and Hl(02E)2*Ci^O)g# i*tiil« aqtjar« 
planner shape vas imported for the complex Cu(D2£}2* ^^ ^® long, 
been kno«m •* that aqueous» HdO,^, lIHeOA and HBr extracted hy 
tri^tylplK>S0hatc (IHF) in xylen© or CCI^ ^ as UJJ ,3£ai^^mJLimX. 
•^here O ^  Y <^ 3 and X la the raapective anions. A nui^:«r of 
14 
sjineitil and complex c^tal aclde war-'-? la tor extracted In trioct^rl 
phosphine oxide TOrO in organic so lv^ i t s . 
Ihe extraction studies for gietal acid m&d& so far* a j ^ 
mostly liBiited to s p e c i e of the type i-ii'^ ^t vrhere X being the 
15 16 
halos^i* Several polyvalent t ransi t ion and min-tx^ansition mmH^l 
s a l t s have be^ m e^tract<^ isril^ various exti^etents and aolvants. 
I t mM ttnas t h o u ^ t worthi«bile to study the extrsctioii of dlbesie 
broao iietal seids* ^^^Br^^J* ^^C^^^^h-^* ^ ^ ^ ^ a a r ^ J , H^Tc^^^J t 
end H^^figir^^y n ^ c h are pract ical ly sonebaslc in pimtyl a l o o ^ l 
aad isopentyl acetate oixture using benxetie as diluent and seek a 
re la t ion between the acidity of the extracted acids» and bas ie i ' ^ 
of the solvents. 
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l^repamtioij of tmtal actds 
mtal aeidSf U^CoBr^J^ ^^^^^^^^i^J* *^^«^4J^» 
ilg^CdiSr^^t Q»a H^ilgbr^^Z were prepared life® iii Oxapter £• 
iietersiaation or meaber of pontyl alcohol or isopentyl acetate 
isolecules incorpoitited with aetal acids* 
For each E^tal» 5 sO. m^tal sci^ l solution maa simkea with 
25 al of benzoae-paityl OICOIM^I (1-10,i Isy volyn^) or isopentyl 
acetate (3»15,I Isy -^iuae) aixturo at coaataat coiKtontratiois of 
QCtal acids solutioot for about an fejur and tfiere after allowed 
to Qtanfl for ten hoiirs# ;>'oy tho orLanic phase X-MS Qnalyaed i.*or 
metal eont^at. 
jDeterminatioa of degree of polys^arization of metal acida in 
pentyl alcohol or iaop«atyl acetate in benaeoe* 
For polyiserisation study 3 ^  aetal aci4 solution for each 
laetal with differmit concentratlona warn laixed throughly with 23 mk 
of orpinie phase* ixmtaining constant concentration of pentyl 
alcohol or isopentyl acetate (10;>4 ^  volune) in benzene for about 
an hour» and th» allowed to stand for ten hours. UMI organic 
phaae was analysed for aetal cont«at« 
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Estliaatioii of tmtal content in th@ oentbrane g>ims9 
20 eO. of organic |dias«» nas evaporated to dryn^^ 
dlgejited and diluted ttdtii d i s t i l l ed yater* >dU]^ » cadtuum and laercury 
were t i t r a t e d a t pil to witb t x lo"'^ IBOI da*'' ^vMA using i^jriocliro^e 
Black T as indicator iiifMle col^lt» and copper were titjrated a t 
pH 5«6 and 3*6 u^ing respectively, Aylem»l orance eyod i'AI* indicators* 
;%tof^nation of netal cjtiooa with 
20 lal of orsMiic ptiase of each ^ *, Cd * and iig * was 
evaporated to dr^eos^ d i posted end diluted wit^ d i s t i l l ed ^mtxtr 
to a volUL':e of 2^ ml, now to i t \^s eided, 3 cil portion of tMSim' 
ipU t o ) , followed 1^ addition of 3 or 4 drops of .>ioc&roi5«? Idacli T 
indicator* fiie r^iction f ixture »m& tUs^ated atainat i^ iiTj^ ,^ un t i l 
tlio colour of tim solution dion^es from pink to blue* Hrior to 
tbe t i t r a t i on of Ug''*' witlj i. TA'A, a few crsfstal of t a r t r i c acid was 
added to the solution, in or^^er to prevent li^dx^lysis of ii^ i • 
lib© reacticKB mixture, containing Co (recovered af ter the 
•vas»oration of 20 a l of orip&nic pliase) § a l of Imffer is^ ^.S) and 
3 or 4 drops of xylaool oran&e indicator, was t i t r a t e d of against 
£DTA, lAitil the colour of the solution changes froist orange to pink. 
70 th« Cu''^ »lutl<»>, obt . ln«l a f t . r t b . .»po»tl<>n o t 20 . 1 
of organic phass, was addad ^ ol buffer (pH 3«6) and 3 or 4 drops 
of PAN indicator . The rMCtion aixtura was t i t r a t ed a^Kinst mSA 
and the 0OA point i s indicated by a colour change froa red to 
yallowish graan. 
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Preparation of indicators 
Indicators were prtpared in clisti3.1«d ttt^aooX Clr^  
alcobolic solution)* 
^reparation of t x 10*^ IBOI da*^ WSUi solution 
3«7224 ^ . disodiua s a l t of etljylen© dias i i^ tetra-ac@tlc 
acid mxa d i s s o l v e in 1 l i t r e d is t i lXi^ smt^r to pr^^are 0,01 ool dia "^  
d'Mh solution* aolutions of EDIA of o ^ e r concimtrations ymr® pr@^ 
«^recl by dLilutIng above stoe:^ oolutlon (0»01 ool ^ LO'l/i). 
33 
rrepamtion of buffers 
pi! 10 s 32 £si. of mi^Cl ana 235 ml of liquor aoaoaia irfas 
U^£@;i in a 500 ral s^su r in^ flaok atid the VQlv&m 
^ms IMUO to 530 d * 
pIJ 5»6i 42 p!» of ai3»nlus acetat© trihyilrat© cM 3 a^ of 
glacial acotic acid %rms pliac@4 in a moasuring 
flask and final voli^ usie %ras as»d« to 5CX> i^» 
pK 3*6t 0.2 mX ^MT^ aodlvm ae«tats triiiydratd (2*72 m/ 
100 nl) ma& 0.2 aaX dttT"^  glacial acetic acid 
•olutiiMSi (6 iftl solution froa 17*4 laol dm'^ ace t ic 
acid solutions was B«MIS \xpto 500 ml) wars mixsd 
in 1s9 v«tio by voltj^^* 
Extraction sqiuillbria 
17 IS 
In oone«strat#(i a^iMous HBrt broaiidiss of cobalt * « 
99pp^if ^•^^ sine , cadKttie sad mm^^iMXTr^ sx i s t as t s tn^s^nO. 
6S 
C^Vf^J • A« in aqu«oiis i^iass, Vm proton i s ftar^er t^drat«<l 
t l i rou^ It^rdrogen bonding '^  and the dissociation constant of 
H^'KBr^J^* species being negligible* tiie csetal acid species i n tlje 
aqueoias pimse my be represented as foUotiss, 
a H B H 
I I I I 
R - 0 Q *ll H - a O - H \ H H H H' 
0 O 
H H H H 
'£men aqtieoiis aet^il acid i s siiaken with i;^ organic i^ biase* 
soiae acid passes into the orgEmio p ^ s e * In th i s p r o c ^ the 
hydrogen boMed stater of the proton i s part ly or coni^letely replac* 
14 
ed W the orissnic liipnd sinc©t P&^tyl alcohol as well as i so* 
pentyl acetate are less basic tima. water* 1^ i«y do not intez^et with 
the secKMid proton to ifhich mrmn imter i s i ne r t . In lov d ie l ec t r i c 
30 
constant solvimts lilce b^nxene (D* 2.5) the netal acid anion, 
H^HBr^^JT" foraia the ion pair HJ3.3AA.H frnt^J^* 
Assuming tliat laetal acid i s extracted into the ora^anie phase 
as muD single species having J a«tal ion* t ^ extraction equilita*iuai 
wi l l be represented by £q*^  t« 
j ^ m i ^ ^ j r • J H^ o^  • nAA.^ =^  nAA.ti^ o. ^Ctmsr^J^ (1) 
(secondary solmttioa ef proton i s n»t sho«si) 
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M Stands tor prnityl alcohol and i8op«»^l aeetete* 
auttix O wad w refer to oripnie and i^t«r pliases* respectively« 
Hie t o t a l metml concentration in the orginie piuiee C^^JQ^^ 
giv^B tff equation 2» in terms of metal concentration in the 
aqueoiia ptiaee and equtilil^iuis c»»x35tantp K:» 
•41*ere E»«log S • J l o g f ^ ^ ^ and £'^X. I s 
invariant . 
I f J , equals unityt equation (3) r^sixanges i n ^ 
eqimtion (4} 
iQg B « D log C^JQ "^ ^* ^^^ 
D» etaada for distx^ ilnit^ on coefficient of lietaX acid* 
between organic a M aqtaeous ^ aeee* i^ccording to eq.« i3)$ the 
plot of loiif ^ * ^ against lofi^^^JJ^at constant (^mo^itration of 
extraetant ipm&tyX alcohol or iaopentgrl acetate in C^%) should 
yield a straii^t line* nhoae slope wouM imeasuret J» the degree of 
polyaerization in the organic phase* For ^ e deteraination of the 
nuna^er of extracted asoleoales incorporated with aetal acid in the 




l ab l f - 12 
I>egree of polymerization oi metal ac id , l!^^"CoBr^^in 10?& 
(by voXuiaei pentylalCQtool-^onzBOx; ailxfeire. 
Vol, or E/juili&rlusi 
1xiy "^ ffiol dm'"'^  coacentra t loa 
!.• ).X. t* used ot 
ioi, of "UJ© 
canceutra t ioa 




Cijncsntra- ^qai l ibr iuis 
_ t i o a of concentra* 
mol dm -3 
piiau€ 
mol dm iaoi ciffi '^  phase 
i n aqueous 
I 3 9 l 4l!} 
1.0 





3.5D X 13 
1.3J K 10" 
1 . ^ X ID" 
2.JO ^ 10* 
i .J i ) X i u 
3.75 X 10" 
• ^ ' 
4.13 X 1J 
4.i>J X 10 



























i '. 5^x1 J 










Table - 13 
Jegre© of polyaertzatlon of ae ta l acid» li^j^CuBr^^/ln iOk 4by volxxtm) 
peatylalcotiol-benzene aiixture. 
'" m " • 1 " "••"•'• ' " • •• • • - ' " > ' • • ' - ' I"' • •"" 
Vol. of 1x10*^ fitiailibriua log of ttie Coacentra- £t}uillbriuiB 
asol dm"^  ^JXk ^f^?,^^^^^^\ concentra- t ion of uoaceatration 
used for ^ ml "^^ ^ C ^uBr^y t i ^ of lufoMr. 7 of H2r^^^»'4J 
of or&inlc i o orgaMc phase Hgt t^*^«4y ^ aaueaul ^'^ a|ueo«a 
- ' lo organic ^^^^ "^ yh&m ^ 
phase ^^ *^^ -3 laoi dm 
t^ase a>l ds -* p s© pbase ^ 
0 .1 a.50x 10*^ 5*.6196 J.a X fo"^ 2.^6 x 10*^ 
0.2 1.00 K 10*^ 5".924^ 6.0 X 10*^ *>.92 x lO*-^ 
0.3 1.50 X 10*^ /»*.096!? 9.0 K I O " ^ C.a8 x i u " ^ 
0.4 2.00 X 10*^ 4'".2217 1.2 x 10*^ l . i a x 10*** 
0.5 2.50 A 10*^ C 3 1 8 5 1.5 X i u " ^ 1.43 x l o " ^ 
0.8 4 . 0 0 x 1 0 * ^ 4".5227 1 . 8 x 1 0 " ^ 1 . 5 3 x 1 0 * ^ 
1.5 7.50 x 10"^ 4*.7:^57 2.1 x u " ^ 2.04 x 10"^ 
2.5 1.25 X 10 '^ 3*0174 2.4 x 10"^ 2.30 x 1o"^ 
3.0 1.50 X 10** 3*.0965 2.7 x 10"^ 2.58 x 10"^ 
3.4 1.70 X 10*^ 3*.1510 3.0 x 10"^ 2.86 x 10"^ 
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I5«gr«« of polyoer lzat ion of jaetal a d d H^^ 2aiir^JTln la.i (by volume) 
phase '^^  o n la ie "zL ^-^^t^J yha^m ti^ ^^^%J 
.jfcuise i a organic ja.ji dBi*-^  i n aqueaus 
ml s o l dsT^ phaae pirns© 
©ol dffi i2©i d a 
0.5 2»50x 10*^ 4**3ia5 2.50 x 1U*^ U.41 x 10"^ 
Q.S 4.}D 3? 10"^ 4".5227 4 .9 i 3C 1o"^ 1.66 x 10*^ 
1.0 5.0J s ID"*^ 4*.6136 7.49 x 10*^ j»3:^ x U** 
1.4 7.0J K vS^ 4*.76J^ 2*.ii X 1*3 4.16 A 1 0 " ^ 
1.6 8.00 X la"^ 4".3233 1.25 x U*^ i j .a i x lo"^ 
2.0 1.00 X 10*^ 4*.:?2D6 1.49 x U*^ 6.b6 x 10*^ 
2.4 1.20 X 10*^ 4".9:#99 1.75 x lo"^ 7.50 x 10*^ 
2 .d 1.40 X 10"^ 3*.0668 1.99 x 10*^ 8.33 x 10*^ 
5.1 1.60 X 10*^ 3*.1109 2.25 x 10*^ 9.58 x 10*^ 
3.6 1.80 X 10*^ 3'*.1759 2,49 x 10*^ 1.00 x 10*^ 
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t a b l e - 15 
Degree o r polyaeriaiatioii of ^ r t a l actdi E^l^Omrj^JSM 1D^ (by valuiae> 
pentyXalcohol-benzene mixtarQ^ 
'^^^•«J^ -3 Lq^iii^rlum l o ^ ©f tim Concnatratiou ^ u i l i b r l u i a 
1x10 ^ so i da -^  concc^tra- coaceatr®- of ll.J'Ctuir, 7 coaceirtra-
„ .T\ used for t i on of t i o n of i n a ^ e o u s t i o a of 
^LS"' "^^ -^^^  x£S/ "^ '^^^^-^  ^ ~ «ar«-r,.7 
lal ^J organic ^^ ^ o r ^ n i c ^^2. <ia -^  i n aqueous pfeaa© ^^ p i^se phase 
aol dm "^  ciol ds 
1»6 O.JO^IO"^ ^" ' .eise 2.30 X 10*^ i,'jQ K lU*"*^  
3.0 I^OOKIO*^ 4*.5236 4.6Q xia*^ i.4D :i Vj'^ 
4.2 1.53 s10"^ i""*Di?66 6.90 a: 10*^ 5.6U K U " ^ 
5.5 2.00x10*^ 3*«2217 9.20 x 10*-' 7.50 x 11**^ 
6.8 2.50x10*^ 3*.i1cJ5 1.15 x 10*^ i . 4a x 1J"^ 
3.0 S.UJXIO"^ Lsjn 1.3d X 10*^ 1.13 K lo"^ 
i . 5 3 .75X1D"^ 3*«4i46 1.61 x 10*^ 1.27 x u " ^ 
11.a 4.1^x10"^ 3*.5^34 1.84 x 10*^ 1.50 x 1Q"^ 
12.5 4.50 Kio"^ 3*.5738 2.07 x 10*^ 1.69 x 10*^ 
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Table • 16 
pentylaicohol-bengeno Liixt^ji\,'» 
Vol, of 
i:JTA used for Uon of 
20 Jil 01' ore.iaic H/^ii£/>r^«7 
^**^^ i a or£*inlc 
^ ptmse 
G O l Offi 
^ , Zqui l ib r ius l o r oi' tli° Coaceqaat iuo. 
coaccntra- o I I«^'"ii£A%^7 
t l o a of , 















1.5 n 10 "^  
i .O X 10*^ 
5.0 ^ 10"^ 
6.0 K 10*^ 
7*0 X 10*^ 
8.7 X 10*^ 
9.0 X 10"^ 
1.0 X 10"^ 
4 mUdOj 
4'".5:J7a 






1. i Jt lO"^ 
2.5 X 10 "^  
i . 3 a 10*^ 
6 .^ X 10"^ 
7.5 X 10 r3 
B.S X 10 
1.0 X 10 
r3 
l . l i J *5 1 J 
2,26 ^ la* - ' 
i . 5 5 X 10 
4.52 X 10 r i 
».6> X 10 - 3 
6 . 7 i X 10 r3 
8.02 X 10 - 3 
y.19 X 1J - 3 
log(M2*)o 
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l ab le - 17 
Degree of pois^arisat iofi of smtaX acia» d^CCoiiTi^jl^in lO-. {hy vaXusiei 
Vol . o | ^ ^ciuilibrlum log of tlie wo«ceotra- ^s ,ul l lbr iua 
1x 1J*^ 2D1 dUa*'' coaceatra t ion coac«intratlon t l o n of eoncentrat lon 
;iUlA used for of l l^f CoBr^^J ^^ ^ » 2 ^ * ^ B r ^ J H j f CoBr^^Z of H^^CoBr^J 
20 sa of organic i n organic ^^ oreaale ^^ a^u#aus i n at«e(>y» 
iJBase jjhase ^ pnase phase ^ phas© 
l a l mjnl tnttT^ rani Am ^ fWrtl Am-^ g j g ^ iJiS >l dis a o l diQ 
0.1 





S>.0 X 10 ,-6 
7 .5 K lu ' 
1.0 z ta rP 
1.5 X i a 
2.a K u ' 
2.5 X 10" 
3.0 3E 10 






5 * . i 2 ^ 
4* .J i65 
4'".2217 
4".3185 
4" . i978 
4 ,4645 
a . ^ j K i T * ^ i.t j> ^ iD*^ 
4.0> K 13*^ 4.a-i X l u " ^ 
6.J4 K i a * ^ 6.GJ :c 10*^ 
a.J2 X 1U *^ i.O'i -i 1J - 2 
1.oy X u**^ 1.JJ z lu*"* 
1 . ^ X 10*^ 1.20 X 10*^ 
1.40 X 10*^ 1.4J X 10*^ 
1.60 X 10*^ 1.60 X 10*^ 
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Table - i a 
Ii9t.r9e of polysaerlzation of laetai aclfi, Kg^" CuBr^^7in 1^« ( ty voiuusei 
^ ^ - ^ • - 1 ^ --4 i^'nuilibrium i3£ of the Conceatm- i:qullibriuBi 
1x10 -* aeol daj -^  concentrat ioa cancenibratlon t i on o r conccntra-
phas© ' An organic i a or^^aaic ^^ aciiaeous *^2^ ' - ^ ^ 4 - ' 
pbase in aqueous 
fsol clgT^ =^^**®^® -3 
a l pliase 
IBOl diB . -^ 
phase 





^ • ^ 







1 . ^ 
1.50 
1.1^ 






















4" .o ;^5 
4".1634 
4".1734 
>.0 X 10*^ 2.;}3 X I'J"^ 
1.2 X 13"^ 1.19 X u " ^ 
1.5 :< 1 r ^ 1»4j ^ 1u"^ 
1.8 X 10"^ 1.79 X %J^ 
2.1 X 1J*^ 2.U> X 1U*^ 
2.4 X 13*^ 2.3a X 10"^ 
7 ^3/^^ 
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Table • 19 
.>egre<. of polyiaerlzation oJC amtal acid* ll^^JoBr^Jin ia* (Ijy voJltmei 
IsopentyXacetate-benaene talxture* 
Vol. of ^quilibriuis log of tiie goiicsntra- ^^ i i ib r lu ia 
phase i n o r p t n i c .f^^,^^Z ILIT 1° aqueous 
ool da ^ i^aaae ^ i am Q^X d© -^  
0.10 i?.00 s 10*^ i?*^6l56 1.2 K l O " ^ 1.17 s 1U*^ 
1.5'J 7 .50 K U*"^ ^ r . 7357 2 .4 x la"-* 1.70 :.i 1J~^ 
?.J0 1.QJ K 10*^ ^' ' . iZOO :>.6 X U * ^ 2 . / / X 10"^ 
2.50 1.25 X U " ^ ^ ' " . J l ? ^ **.6 X 10"^ i . 7 6 x lo"**^ 
3.0J 1.55 X 10*^ ^ " . ^ ^ 6 5 6 .0 x l a " ^ 4 . ' ^ x 10*^ 
3.50 1.74 X 10"^ 3 " . l 6 i 5 7.Z x 10*^ 5.74 jt 10*^ 
4.CX) 2.00 X 10"^ 3"'.2217 0 .4 x 10*^ 6.73 x 10*^ 
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Table - 20 
liegree of polymerization of metml ac id , Ilg^^CdEr^^Zin 10i« (by voiuiat) 
vol . of ^qu i i i b r iu s i ^^ ^f me Conceatra- ^^uilibriuas 
I5c10 -^  oKil a® "^  coacentra- etaaceati^- t i o n of conceAtratioii 
i;,ulA used for ^^^° °^ - t i o n of H2^GdlBr^J of Hgr^^d^r^J 
20 lal of organic Hg^ ^ ^ J % y Hj^cmr. 7 i n aqueous l o aqueous 
yJmse i n orfiinic i n organic ^^^ . * i^i^s® .g 
^ i^ has© phase MOI da oa^l cia ^ 
1»5 ?.^0 « tO*^ 4".7957 1.07 s 10*^ 1,00 K 1J""^ 
2.0 1.UJ :^  i o " ^ 4*.y206 2.13 K I O " ^ 2,0^ K 10"^ 
3.5 1.75 X 10*^ 3 * . 1635 3.20 x 10*^ 3.05 x 1o"^ 
4 .6 2.30 X 10*^ 3*.2821 4.26 x 10*"^ 4.07 x 10*^ 
5.4 2.70 X 10*^ 3".3519 5.33 x 10*"^ 5.10 x 1o"^ 
6.5 3.25 X 10"** 3'".4325 6.39 x 10"^ 6.12 x 10*^ 
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Tftl»l« • 21 
i)efer«« of p o l m r l z a t i o n of mtml a«d H^HB^r^Jin i a . (by volumei 
< — — — "11 •• ' • a ' * " " ' " " " " " ' • I l l " " ' mil 
ml^dl'^^^^" ^*'^?^^^^'^* - -^ ^^  of the I:.q.uilibrium <uuilibriu» ^ i ^^ . ^ conceatratioa coacentmUon ^ZZZZirm-tfnn "^«"^"ri«« 
2J liil of *%^ " t - r ^ . / of H ^ H g o r ^ J oX H ^•HgBr. 7 Uoa of 
orc^ialc iihaso J^J oreaMc m tBe onan ic ^ alueaus i^a^e H ^ r ^ ^ J - ^ J 
rTK>l dbi i io l d® ^)haae 















































































X 10 "^  
X 10 "^  
X 10*^ 
•5 X 10^ 
0 025 0.5 0-75 0 0-25 0-5 075 100 
2* log [pentyl alcohol] 
Fig.10 Number of pentyl alcohol incorporated with 
metal acids. 
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7abl« * 22 
WjoSstir j f incorporat«d s>©ntgrl alcohol with mtt&X acia ^^^P^^^'^hJ 
l a iHms^ne* I n i t i a l c^jncentnition of ll^Cos^r. Tin aqueous 
phase 11 X 10 laoi dK 
4»ii 
> of peotyl Vol* of 1 x 10 "^  iiiuilit^rlua Distrllaition 
alcohol i a aol <iga"^  £D3?A concentration coefficiimt 
benzene ^aed for 20 m of H2£*CoBr^^7 
14 of organic phase i a organic phase 















































10 ^  
10*^ 















X 10 -^  
X 1J 
•4 X 10^ 
«»4 
X 10^ 
-»4 X 10^ 
•4 
X 10 
-5 X 10 
X 10*^ 
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TabU - 23 
dumber of incorporated pentyl alcobol « l tb aistal a d d 
Hg^CuBr^J^ in bimsen*. I n i t i a l cc»ioentratlon of n^Comvi^J 
in aquaous phasa 1.5 x 10 saol daT^, 
si of pantyl 











Vol. o f . l x io"^ 
aiol ^wT^ haSA 
uaad for 20 sil 














i n organic jgii^aa 











-5 10 ^ 
10-^ 
10-^ 





d i s t r i b u t i o n 




















Tabic » 24 
Nujsber of incozporat«d pentyl alcohol witu laetal acid 
Hg^ZnBr^^Jin benzene. I n i t i a l concentration of Hg^ZnBri^ 
in aqueoiis phase 5 x 10*-' B»1 da . 
i6 o f ptfatyl 











Vol . o f 1 X 10*^ 
laol da*-^ iiUXA 
used for 20 a l 
o f organic phaae 
ml 
3 . 7 
4 , 6 
5 .9 




3 2 . 4 
3 6 . 8 
^.quilibriuES 
concentx^t ion . 
o f H^ZDBT^J 
i n or^tnic phase 

















- 4 X 1 0 ^ 




Dis tr ibut ion 
c o e f f i c i e n t 










«4 X 10 
«4 X 10 
• 4 X ID 






Table - 25 
Kunb«r oi incorporated pentyl alcohol with netal acid 
H-^"CdESr^J'^ in benzene* I n i t i a l concentration of Hg/fCdBr^ ^^ J^ 
i n aqueoua phaae 7 ac 10*^ mol da * 
'•'""""" ^ \ " ' " ' ''' 
i* of penl^l Vol* of 1 X 10 "^  l^tuilibriua ;^s t r ibut ion 
alcohol in gujj^  j^j,*3 £pxA concentimtion coefficient 
benzene ^.^^ ^3^*20 aa of H^CdBr^J 
;l of organic i^ase in organic ^mse 
ol aol d« 
1 1.20 6*0 X 10*^ 9.09 X 10*^ 
2 2.50 1.2 X 10*^ 1.98 X 10"^ 
3 3.50 1.6 X 10"^ 3.04 X 10"^ 
4 6*00 2.8 X lO"^ 6.56 x 10"^ 
5 7.75 3.6 X 10"^ 1.05 x 10"^ 
6 9.50 4.4 X 10"^ 1.69 x 10*^ 
7 10.50 4.9 x 10*^ 2.27 x 10*^ 
8 11.50 5.3 X 10*^ 3.17 x 10*^ 
9 12.00 5.5 x 10*^ 3.82 x 10*^ 
10 13.00 6.0 X 10*^ 6.10 x 10 
Table - 26 
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^uo^r of Incorporated pentylalcohol wltlt c^tal acid» 
H2^Hg3r£^^ln benzene. Initial concentration of Hg^'HgBr^^ 
in aqueous phase* 5 x lO""^  laol <ia*^  
,4 of pentyl 











Vol. o f ,1 X 10"^ 
awl da'"'' 
h.JtA used for 



























Dis t r ibut ion 
coef f ic ien t 









0-1 0-2 0-3 0.4 
l*log[isopentyl ocetote] 
0.5 
Fig.11 Number of isopentyl acetate incorporated with 
metol acids. 
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Table - 27 
Number of incorpor^tedt isopentylacetate with isetal acidt 
Hg^CoBr^^in benzene* I n i t i a l concentration of Hg^CoBr^^ 
in aqueous phase. 0.2 raol dQ**^ * 
,% of i sopenty l 









Vol, of 1x10*^ 
. used for 












o f HgrCoBr^J 












X 1 0 ^ 
X 1 0 ^ 
^«"4 X 10 
•>4 X 1 0 ^ 
X 1 0 ^ 
*4 X 1 0 ^ 
Distr ibut ion 








x l O - ^ 
KIO*^ 
X 10*^ 
- 7 X 10 ' 
X 10"^ 
• 7 X 10 ' 
X 10""^ 
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TabX« • 28 
fluaber of incorporated isop@ntyl acetate with eetal acidt 
Hg^'CuBr^j^Zin banzeiw. Initial concantration of Hg^CuBr^J^ 
in aqueous phase. 0*35 mol da*^. 
:?S of isopentyl 











Vol* of 1x10*^ 
mol dm*^ 
ESfTA used for 













of HgTCuBr^ J 


















1 0 ^ 
'-4 1 0 ^ 
Dis t r ibu t ion 











X 10 ^ 
•3 X 10 "^  
X 10*^ 
-3 X 10 ^ 
X 10 -^  
X 10*^ 
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Table - 29 
m l^idtver of im^r-parattd i;!iop«3t^^iacet^t& urith m&tstk aci4 ii^^sMrj^^ 
benzene. I n i t i a l concentration of Hg/f ZnBp^J^, 1.2 x lO** ^^i tiai"^. 
i o f i sopent^ l . 












Vol . of 1x10*^ 
EJol dm 
i'iDTA used f o r 
2U aa of 
or^ianic phase 
ml 
4 . 0 
2 . 5 
'J»Z 
3 . 5 
4 . 0 
4 . 3 
4 . 5 
4 . 7 
5 .0 
5 .5 
Equ i l ib r ium 
c o n c e n t r a t i o n 
of n^/Jibr^J 











2 .29 X 
10*^ 
10 ^ 








D i s t r i b u t i o n 
c o e f f i c i e n t 
1.61 













X l o " ^ 
X 10*-^ 
X 10 ^ 
X 10 "^  
X 10 ^ 
X 10*^ 
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fabl« - 50 
Bluober of incorporated isopeatylacetiittd with laetaX acid» 
H^f'QdBr^j^in benzene* I n i t i a l concentration of ilg^^CdUsi^ 
i n aquoous phase. 13X5 x 10*^ BKJI v-Ua"*^  
' ' '' ' , 1 ' "" ' '"" ' 
:o of isopentyj Vol. of 1x10 -* Eiiuilibriua iiistrlbuUon 
acetate in ^^^^ ^ - 5 ^y^^^ concentration, coefficient 
benzene ^^^ ^^^ 20 lal ot H^omr^ 


































«4 1 0 ^ 


























-4 1 0 ^ 
•4 
10 
<-4 1 0 ^ 
-4 1 0 ^ 
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Table - 31 
l^uabttr oi incorpox^ted isopeiit^lacetate tfdLth metal acid 
in aqueoiis pliase. 12#5 x 10 Jsol dm*^. 
;» of laopeiityl 











Vol, of 1 X 10 ^ 
awl da*^ KmA 
used for 20 ml 






















X 1 0 ^ 
s 1 0 ^ 
X 1 0 ^ 
X 10"^ 
X 1 0 ^ 
X 10^^ 
X 10*^ 
•5 X 10 ^ 
jJiotrilnatlon 



























The l o g f f ^ V o • ^sf^*Jyf Piot l a p«atyi alcobol 
hmizmi9 mixture (Fig. 3} 3ri@l<l4 8 t ra i# i t l ines t t^hiise slopes 
sbow l^iat ae ta l acids are extz^cted as tiioiio^^r (Table 12-16) in 
the ori^mic i^iase* Ti^ bel^viour of C^ is» however imique 
(Table 13) in the sense Vmt i t i s tmi^tmr a t lower concfsitf^tions 
(4*0 K 10 to 2.0 K 10 H) and dim@r a t h i ^ e r c^mcentrations 
(3»3 X 10*^ to 1»4 X 10*%)« 
In isopeat^rl acetate h i ^ s ^ o systsia -^ i© plots of loe C^^* Jt<^ 
a ^ i n s t log C^^^J'^ ^^^ atraiglJt l ines (Pig* 9) with laiit slopes 
showing tha t iMtal acids are pimse:it as miws&m in the organic Sybase 
in t h i s systos as wall (fatde 17-21)• 
Because of 4«ro^rtionataly h i i ^ r t m n s ^ r t of i-IBr frooi 
aqueouHi into the or^ynio phase at lo^er laetal acid ooncentrations, 
the slopes (Figs. 3 at 9} hecoiM pro£:r@ssively less l^ian unity* As 
sietal acids compete with HBr (pres^it in excess) i^r coordination 
with extraetants i n the or^ooic ^laset the retract ion of aetaX a d d s 
a t the i r leirer ae ta l concen^ratiim decreases s i^ i i f icant ly because 
excessive flow of H ^ , into \Sim organic i^hase reduces Xtm ava i l -
ab i l i t y of the extractant3 to laetal adds* This becones d i s t inc t 
in the ease of zinc and ^idmiiifi» similar behaviour has also been 
24 
observed in tli» @j 
different alcohols. 
he extraction of tetra-alliylasaicmiuia hydroxide in 
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Ttift log plots of distri lnit ioa ooefficioot v«r9us <»>ii»»a-
tr&tlon of pont/1 alcohol in b«nz«ie (Fig* 10) mt ctmstant awtal 
2 * 2<* 2 * 2 * 
ion concentration ar« s t ra i^^ t l ines for Co % Qa \ ^ % C4 2* 
and tig 9 Jtoving slopes of 2»8t 2*7t 2*t» 2«3 ^ 2*3 respectivttly 
(Tables 22-26) • Thus tlu» miffilier of poitylalcohol ooleculea in^or* 
porated wit^ sietal acidia are ^ITQB for col%alt and CQpgigr BX^ two 
e a ^ for the r@st» 
A@ain» tlie log plot of distr i tmtion co@ffici^t of coatal 
aei'is ^etwoen o r ^ n i c and aqti^.us ySamam @mi <^nc@nl^mtion of iao* 
pantyl acetat© in bens^^® for epl^l t CK>pper» Einc» cadMu^ and 
isarcary a t constant natal ion c»nc©ntratioa ar# s t ra l f^ t l ine 
(Fig. 11) with tike alopas allowing tibrea i£u:oriH>£^tM iaopantyl 
acct^ta laolecul^Bi eaeh for c»>balt oind «^ppar aiKl osiue oadi for zlnct 
cad^ii@ and wmrcMry (Table 27*31 )• 
The t ransi t ion raetal (cobalt wad copi»i»r) acids OTQ 
coapamtively niore acidic tkmn t2»se of the asinc :l^uaily mm^rmp 
whi<^ have saore pronoiaiced coval«Eit dtiarecter* Hence awtal a d d s 
of zinc cadffiitsi and mwc&xrf give laore strwagly boiffkd imi p«irs» 
ytmrm as those o£ cobalt i^id copper give weakly boisid ones* Thus in 
esse of cobalt and copper, each cation (Mgrdrated proton) ef tiie left 
pa i r incorporates three extraetant nsolecules (pwityl alcohol or 
isopentyl acetate) t «^ere as 2ine» cadaiua and a»reury acid anions 
being acre closely held to the proton aeeoMwdate only tee pentyl 
alcohol nolectaes* F^u*ther« dvm to s t e r i e hindk»ranoe and crondtng* 
only one isopentyl acetate noleeule could be bound with tiMt cation 
ef tlNi ion pai r in the sine fanily* 
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Transport of sinple BM cosipl«i3c ions across Xiciuld 
^^mSsrmm i s controlled ^ the iiattir^ of ion pair forced between 
ttie @oIut# aolemte an^ tmB^srmm {Mt^rlal* If ikm ion pa i r i s s t a ^ e 
in memlxrmne and unstable in aqueous j^base or also stable in a<|iieous 
mfdlxmt tfot soluble in i t* the transport wil l occur* hat in the 
l a t e r case a mv apQci@s» different l ^m the original one are ^^ans«* 
34 l>orted across the isesil^'ane* Eenari*^ e t al« in the i r transport 
Btxx&f of raonoimlent cationt thz^ou^ alcohol fliesslflmnes have observed 
tha t ^ € ^ hjrdrated laetal cation i ^ s s ^ i n ^ alcot^l* the «iater 
i:::^lecules are i^£>laced l^ alcohol aalecules and a^^ln tha alcohol 
sioleculea are replaced by the water £^locyle« t^ille dif l ^ i n g out 
of Iti© iseiatarane* So lii© re la t ive ataMlitsr of ^ater solvated aiad 
li^and solxrated s^tal cation i s oiio of tim important c r i t e r i a for 
the 'tapaasi^rt aci^ss liio liqiild ca^ibrane. 
In the transport s t i ^ of caetal acid i ^ ^ e C l | ^ and 
11^P@Br^J^(Chapter t ) and ii^C^^w^ ^^>^ ^ z^^^^^U'^ (Chapter 2) 
'Uopou^ dibntyl ether beismie aM i s o p ^ ^ ' l acetate htmz&xe aembrane 
respectively t the hydrated proton in tim aqueous phase excimnges 
i t s \«ater isoleeule wit^ the mnwrn muaber of organic aolecules» on 
reaching the organic phase* the reverse happens* nubile ^ e transpor* 
ted species diffuses out of the membrane on ttm other side* 
l ^ t a l acids of adne* cadiaitnai and lier^niry readily pass from 
the aqueous into the sMMRbrane but do not get out of the saexsbrane* 
Because i t s proton i s so strongly held in the n^ibrane by isopentyl 
94 
«c«tat« that i t can mit h9 •scchonged a ^ l n W the imt«r aol«cul«« 
Hecte* the i r tz^nsport thx^u^h th«8« avabranes i s ooopAratiirely 
n«^i.jgihIo* 
Thus effieienciea of co^Xex ion transport are 
functions of distr ibution constants hetifeen tim tmi j^iaseSf 
3i 32 
uptake a i ^ r©leetse ratos^ oM an optisaim association constant 
hmtmsmk coiplex itm a ^ m&^ipmm oa t i r ia l* 
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Transport of laotal ian aerosji a amoBtsgwtm nmt plmyB 
an Uiportdfit ro3.a in Mologr^ wwms to itwrn lam f^ti praoU.ca}. 
applications to soparatlon sclani^* I^Sia selaetlvs aixt tpaelfle 
transport of eJUmXl aetal Ions* has alraady^  homn aehlsved and 
vsl l s^adlad hy using ssr»tliatle or na^irally dsrlvsd egrclle 
mtltldatitatd Uf^zids as wmtamm carrlar * Coatr«i*r l l t t l s att^i* 
tlon has heen dlr«otod towards ^se transport of transition and 
im&vf setal Ions, tnhlcli ars li^orteatt frota MoehamlfiaX &a& aedloal 
l^lnts of vl@w, Mmm& dmf^loigmant of nair ^aishrans carrlars for 
soi&etlvo transport of t ^ s s aatal ions Is s t i l l a ehaU^iglng 
2 prohlcs* Transport of transition &ii& hm^ metal Ions » have been 
aelileved ^irou^i U^mr sultldantats oarrl^r, uiilch oouM mBkm 
3 4 
coffiple^es seleotlirely wi^ mm^^ CH) ^ ^ sierearr ( H ) Ions * • 
Merimry (II) Ions w&:^ timnsportad to a maeh lasses liegrea n^lle 
eohalt» sine cadmlua aM Iron (III) were not tnmsported at all* 
Ul#i se lect lv l^ Is mlntalaed In tran^iort mrou^ these linear 
ootaiier earrlers* 
The transport •ele<rtlvlty In tliese systens Is alaost 
parallel to that observed In ^le extractlott eaipwlaent iHcoept for 
the mrmar (II) Ion* This seleetlvl'^ In tran«}ort» therefore 
seeded to be depemlent on the a«Be factor ^pvemlnc the aetal 
extmetloii? process Into the aea^rane* Th® transport rate of 
mmrtmry (IX) Ion was unexpeetedly low this fact M "^ suggest that. 
aS 
the mercury cooplex i s too «tal»l« in the atoAnturic to he «xtraet«d 
in to aqueous phase. j8 dilcstone tsfpe carr iers ISJm ^tmazyl acetone 
c^ oaXd ^rsnsaport fK>i^ er ion se lec^vely over nieio^ ami ct^NPtt tcmv» 
folloired t^ sioultaneous i^trnt^i' transport of pititons* 
lOm detenaination o£ the constituents in ferrous alloys 
in pig iront in wrou^t iron ana s teei have received a vast a t t i » -
t ion and the published analyses predominate vittt ^e^^iods dealing 
with t h i s subject* 
ii solvent ©Ktraoti<m tedmiciue has been as^lied extensively 
t o a i^drometallurgieal process not only of M ^ valuable stetalSf 
but of » » ferroua mtalB^^ ouch as Cu. t a and Co. a m ia teeoBii>e 
more and @ore co!Maon» even for the extraction of i ron from the 
.oluUon or at«al <aaanalB8« an* the acid laacb l iquior of c l « r " . 
and -^^ %«aste solution of the sulphate process of titanium (IV) 
osiide production •'*', bei^us® of the h i# ier se lee t iv i ty of the 
solvent eKtraetiim operation. B»r the production of t i tanii»i (IV) 
ojdlde tsf leaching ilstenite ore in hydrochloric acid» Hie pref«*en* 
t i a l re^K>val of iron fros t t e nHniltia^ leach liciuor has been att«ei|^ted 
14 14 15 
using triallcyl phosphates • t r i a lky l andnes » or^uiie tetones 
and neutral or^unosi^spiiorotitt ocmpounds* Several reports conoem* 
in^ mlrmt extraction oi iron (ni)''^*'*^^^® and UtiWiua (IV) with 
t r ibu ty l ^K>s|Aiate have been published, 
1!tie a^iaration*' of ae ta l s as chloroco^lexes froa aqueous 
hydrochlorie acid solution using anion expanse coltan i s new a 
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wlX •stiibXlftiiBd ma& vftXuftbl* siiftlytical proo«dur«i« Nstalji wr« 
taksn ui> atvoagly ftt loiwr l^zx^cblorlo acid oonetntmtions* If 
an •Spmelabl* aaaui^ A #f «ati^ a^s^ias oiega&^ aoXvant^ i» 
added to a<3M«ou» t^roet^oHe aeld aolutioii* 
flia extraetloii ^f iitm (XXZ) f^ ron a laixtura of cations 
in Gono^ttxated l^dfo^oi le add into a^^l* di^iloix»atl^X and 
laopros^l vtbeDV*^*^ tiov* tmrnt aohl«v«d* Tba seiMuratioa of iixm 
fnm m^*, m^*, Ci-^ *, and Al^*, as UgwIwMsyqMinollJiata^ ^ OP 
24 25 
cv^farrata into ^ilorofosis and alao into ti^ ieona '^ has elr&atdsf 
h«^ raportad* Tba diaadvi^ xtaga in tite rsfpaated uaa of tittoyl 
and other ethers for extraction i s tha reduetion of F«r'*' to f^ f'*' 
'r *"^" •^^' ':-"•' ;'-*•- "i'^ lUrther aa frea WSX also paases into 
etiiar, 1 ^ axtraetion of iron at ita lower concentration haeoaaa 
very poor and mm has to use very l a r ^ volxuBe of the orsmic 
solved. Here tie raport the aelactiva transport of iron fros a 
aixture of o«iar cations iiJ?*^ Ci^*, fto^*, Co^ *» Hi^ ** Oi^*, 
Zn and Gd '^ ) and purification of tnmsitimi wa& non-transition 
natal salts» suoh as muSl^* ^^ *^>^ 2* MiC3.2# CHiiCl2» '^'^^* CdCl^  
and CuSO|^  ^ RMi iron iapurity* Aa the neaiNrane act like a conti« 
mious saiva* a aoall vol««ie of the orpoiic aolvant csn ha 
aaployad to aaparate a l a r ^ aomant of iron. I i^rthar as a vexy 
snail voluna of the orptnic solvent i s used aa nenhrsna* Urn 
reduction of Fa » t» Fa ia inaifinifloant. 
1 0 1 
Preparation of omit solutions 
Mei#«d aifjoimta of dilorlites of Iron % cotialt "••'% 
nickel , ©aa^nes©^, a i a c ^ t eatoitaa % alwffliait» , cromiuai , 
copper^ *^^ and ^jpper sul |*ato '^^ ymvB disaolir®dl ir* coaosntra-
ted l^droc^iloric acid* 
a i r i f ica t ion of sa l t s fron iron ia^iurity 
For the p i r l f ica t ion of i» t a l s a l t s fros iron iispyrit^* a 
flKSKl ^ l^uffle of @a€& usta l s a l t solution containing iron impurity 
%ias placed in one l i e b , and eqpsl ^v^luoe of d i s t i l l ed «ater in ^^ 
other liiri) of a H shaped glass asseslily (i'lg* 4)» ^ e tue&brane 
ybich floated above the l iquid surface in the ^m VLmb^ «as a I s l 
r 
nixture {\x$ voluaie) of dibutf l e l ^ r and ben2em». Cjntents Qt the 
two l i i ^ were s t i r red vigorously t^ a sia^ietic s t i r r e r and the 
saa^les froa the second l iab were pipetted into orthos^onanl^roliAe 
solution for spectroi^iotoaetric determination of iron a t !^ 10 aa . 
Separate eacperiaents were rui» for each analysis* In a n o t ^ r s a t 
of e3i^rlnents> iron acid was p l a ^ d i n l i ah X and I t s transport 
was studied (fable 36). I t has been observed that aaxiausi reeovexy 
of iron takes place in about five houxv t i a e . 
Study on the select ive traniQK»rt of iron froa a aixture of eati<»ria 
f^r studying -Hie selective truiaport of iron froa a aiactHwa 
of other cations (Table 36) a fiaeed voluMe of H d , eoft^iiiilot 9^*^ 
1 \^? 
1 U <w 
M-^*t Cr^*» m^^, Qj^*, m^*, Cti^*, m^* aM IM^* were pMm^ 
in otm liatbt ®t»l «qiial imlinie of l i i s t i l lcd ifatur in otiier l i i ^ 
of t ^ U shaped iJass asse^lf"* Zn moHmr mt o r «S£|»#ris^its 
a i^ ty i^ ©f abov© cations, without aMing ircaa into i t C7aM# 37). 
f@3t for 1tt@ l^iilEa^ @f m$t&X $jagm acrciss i^@ n^ni^r^sie 
fluid e@li@cst@d from l i c ^ XZ C^tea ^ ^ metal ^ ^ t ^^lution ^ s 
tai;efi @@]^rmtelr as ^^itll as i a m adjctane) rmmml^ t t e t i%» @@tai 
0tb#r Itiaii Fe'^  « Z#a%^ t& ^® o t ^ r 0id# of ^m m^imxmm 
^t@i«iasti©a'" of Ftf^^t 1^ 1f10» i^^tawtte^liii© 
fbr '^ i® @stla@itiott of F#^*» tti© sa^ l©s «»ll©ct@d i&?5oa 
liffib XI w@rt @vmporated to dsyitess to «si»<ill a l l < ]^^  Hittia of HO>t 
tii^^ 4is@stod 3M €ilyt«4 to 10 ^ f i^w to i t ms mOd^A i3 A 
porti&m of tlm eo^iosit rm^^nt ( p r ^ p i i ^ 1^ nijeing aqtmous ^ l u -
t ions of %% IiySrojqrl attsoaiiiiii ^dxt»^lori(l«« 0*1^^ ortSiopiMKiaa* 
tte<oMi3« miA aeotato tm££mr i n Is1s5 ratio) and dilutadt to 50 «l» 
^ < optieoi donsitjr of tiMi alaovo aoiistion was aaaaiirod a t 310 a n , 
hy l a \ i 8 ^ audi t^ oal> apaetronic 20« 
37 Praparation ' of acatata txiffer 
A satuimtad solutioin of aodiian aoatata waa prapared bjr 
dissolving 272 giwa of anl^drous aodiua a e t a t a in 500 ol of d ia -
10 9 
tiHttd «fater» filterod« nov to i t im» aild«d« 240 oa of fac ia l 
ae«tie aeid» and dllutad to 1 litre* 
194 
Tftbl* 32* S«x>«r«tloii of %ron from nlektl^ cobftlt or 
slue t^t^arl^ imwing 0*0191 Iron. 
In i t ia l eoneentxntion 
i n Xiaib Z 
























Soparation of iron ftpom c^oridas of nickel» cobalt and zinc 
%fara dioxm scparat^y* tiia transport of iron in tliaaa caaaa 
bainic ^ e aaaat tha 'ttiraa transport studias ara raportad to-
gathar* 
I n i t i a l C(mceiitratioii Final ecmeimtra* ^rce»taige of 
i n XiM» 1 tlaa in liali I I i ron reccHrered 
^g / i s l ^ 
10 cr 
MCI2 PeCla FeCI^ 
3&Xi 0.036 0.031 36.11 
2403 0.024 0.022 ^ . 0 0 
Sei^rati<»i of iron irom etaoridfts of siaasan«s« and oidlmiiiii 
y/mre 4aoet sopaz^toli^t tim transport of iron in tbe tibrwi 
easas liaing ^Ito mmt^ tha ^iraa t rai^»ort atii4i«s ara rtpor^ 
tad togathar. 
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TA1>1« 3^* S«p«nitii»zi of iron fk^ os eoppmr milj^tm 
having 0*00^ ircm* 
Xnitial conottntfmtion FiiMiI oonetntzmtion Pmromxtmtf of 
in litfb X in Xiil> II iron r«ooT«i«d 
• •^ — 1 - y iiiiii III! r i l l - - I I I -Ill T iiiiiiiiii I null r n i-iiiiimi 
5200 0.16 0.1362 85.12 
5600 0.11 0.1038 94.36 
2400 0.07 0.0698 94.57 
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tftta* 35* Si^wmtlon of iitiii from AliMlnltm dilorid* 
having OmOS^ ird)ii 
Ini t ia l eoneenttfttion 
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Tabl« 36* Stpiutmtioii of iron trtm m. nlxtur* contAlning 
F«^ *^ , Al^*, Ct^*, lto^*» Co^*, Ni^*, Ca^*, 2x?* 
and Od «^ Xniti&L cone* of F«r'*'t in cono* Hd 
in Hob I WIS 0*39? y^ ig/nX* 
Tins Cone* of oacli of the alsovs attals in iioib X 9in 
Hours addition to 0*397/ug/ai iron 
Oyug/aa 200/utg/«l 6 0 0 A I « / « 1 1200 ^ n l ia<»/u«/nl 
Cone* of iron in liisl» ZX afti^ transport (in^ug/aa) 
1*0 0.21€^ 0*2595 0*2750 0.2919 0*3062 
1*5 0*3<^2 0*3^^ 0*3032 0.340$ 0*3579 
2.0 0*3812 0*3974 0*3812 0*4299 0*4*66 
2.5 •• „ 0.4136 0.4461 0.4623 
3.0 , , «, 9, 0.4^23 0.4803 
3.5 „ . , „ „ 0.5029 
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fftbXt 57* 3eparati6& of iron from a Mxfeiars contaialng 
^ 3 * ^ Cr^*, m?*^p Ce^*, Mi^*, Cti^*, 2n^* and 
Cd chlorides In eoBC« I d . 
Coi»5« oJT wkdh of tt3« aldose oetais in ULs^ I 
200yui/itiL 500 yog/^ tSOOyug/aOl 1800/iig^sa 
Iron cone* 
i n liiBlsi ZX 
•ft«r 
(/««/«i) 
0*0729 0»1379 0.1947 0.2433 
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DISOISSXOH 
Metz2.«r c t a l ^ bmfe mported tha t m d i lu te w>Iution 
0jt ietrXe dilozlde i n d i lu te l^droem^^e a«id ^ ^ tii» ab^^rf t i ^ i 
peaks* oae a t 30769 cm a i^ other a t 44444 em and ascribed 
tlieii t& the ioisie epeeies f^d^ ^^^ ^^^ • B>^y & ^ coiiorkere 
on spGCtzul 0vid®ae@ itove reportksd t l ^ t in comt^titxmted !iCl» iiron 
ex is t s in teti^tl^diml C^^^t^J* octabedfal C^^^iJ^^^^Z'^'^ '^^ 
a polfwrnrlc forss resialtiisg tmm th@ slsairisig of d^or ide ion 
b@ti#!»@fi the t'^o species* fhe^ also heM th® vimt tiMt increase 
i n t^e cmie of HCl iner^ases the proportioii of the tetzBhedrai 
speeies* 
l !^ctfa of t&e fluid collected i& diffei^^t ex^x±tmntB 
trosi iimh XI in our ei|>erio»^t8 were reeoMed mt i^e uiidcaa 
Cr'«il* S8CK}) spectroi^l^itet^r* All tli^se speeti^ i#ere al ike and 
had only tii<o ab^rp t ion peaks (52238 aa*^ and 43473 €m'^)m the 
spectia of F e d . in owoc* HC1» reeonied tm Vym unices speetro* 
photometer had absorption peaks a t 5CKK30 cii % 43473 ce % 32238 c» 
and 23571 ca % t h i s s u g ^ s t s tha t of the four species present 
i n the concentrated tl€l» only two passed to the oilier side of the 
iBenftbrane* In another experisieut» ^here we atteapted to perform 
the ti-mnsport studies with the ^ u i d collected f3no« l iab I I of 
above e^cperiaent* we noticed to our suzi^xlse that ^lere was no 
transport of iron a t a l l in th i s case* llhis suggest tha t reCl^ 
2*. 
and FeCl do not pass throu#^ the M ^ r a n e . In s t i l l another 
ni 
mT^Tlvmnt idiere v» had placod a veiy ctilut« (390 ii£/@I) solution 
of F ^ , . in on. «,1 Ha In U«b I and d l . t m « l - f r 1B l l r t I I . 
UQ did not timi. {hy Wye tinicam ^}ectro$>hotoia«t«r) evidftnee for 
th@ prea&we ot Iron on tils otiier side of i3m mmsbr&m e'lNua a f t e r 
four hours of c^ntixft^ms s t i r r ing* 
On apBetrmi @vidi^ »£a ^ils^dXoy a i^ coi^rtes^ held th© 
vlmi -^lat tho pro;7ortion of the tetreOisdz^l ^ e e i e s r i ses Mith 
r i s e in t ^ coneentimtion of Hd* Ve have also n o t i c e t^iat with 
the progx^ssive deerease in H^ ccmcentration of other ^^etals in 
lint} X, Keeping HCl ^>iK^ntration e^istant the transport of ircm 
froQi lial> I to liiBb I I progressively increases (Talkie 32-35) • All 
these evidence put togeltter &kg^mt that of the fbur species 
pz^sent in the €N>luti(m of FeC^3in concentrated KC1« onCly the t e t * 
rahedral one passed fros l i sh X (cone* BCl) into li&h l i t l^ihex^ 
thsre •mm d i s t i l l e d later* i%s in liisto I I (d i s t i l l ed water) th.e 
tetrahedral species breaks donn into PtCl^ and FeCl which do 
not pass into the s^ihrine* ^le iron ^ la t passes frois liai» I in to 
l i ah I I i s retained there* 
As iirot^fi i s further hydrogen h<»Mled with thrse water 
aM>lecules » t ^ tetn^iedral iron species in oonoi^trated li^ Fdro* 
chloric acid exis ts as i^^'^^^^£^^\J* ih«a t h i s tetrahedral 
species passes from i i d into dihulgrl ether ae»brane» the three 
43 hydrogan bonded water aolecules are n^laeed t by three dibutyl 
ether noleculest which are again rtplaced hy water aalecules 
'*2 
fts tlis t#ti^ilie4i%a. apeeiea p&ama out iat» liaSi IX as d^ietwl 
<|» 4r ^ 
L #• i®CIl« #/@€!l, *• est 
cleereosM* kocplng Vm eonciatitratioii of HCl eonstantf (Xal}l.e 32* 
55)* less and 1@S9 HCX was used v^ in imaging tits setal «Morl^s 
int^ o@tal oi^oro aedds* si^iifioaxitly imsreasins ^ne iiwailabiXit;^ 
of Fi^ to FeCl^ in lixstb I t tMa i s tii^» incr@iis@sl tUc coneentTBtlim 
of the tetrali^ii^l iroa acM* 
to th^ o t ^ r C^ir^t to t ^ fuc^ l^irasie, atkl ^ i ^ to tlio ottsir 8l^ @) 
tii0 i^^i^rtion of Jj^m x^oovi^ red «8i tli© othsr sMo ris@0 sd.tti 
d«or^i#@ in til® c^a&dntratioii or otlt«r ^etal iima* 
In tti@ aepQfmtieoi or iron tttm tiie ^Xoridito of sia«ame»ef 
o^o l t t nietoiy ti3m% is^wSLvm Mid oopper su lp^te Cea^ »etii3. 
s a l t s was taiwi iepfts^t«l|')» i t %ras obsorved ^ a t mm Vm oooe* ef 
asteuL sal ts iiicretissd in l i ^ X kesping tlie oone* of ICl oimstwitt 
tlis per^entafs of Xvm reeovarsd in limi> IZ <t«cr«s8sdi ^sm to 
dsereastt in tli@ oo««» of tetniliodi«l iron in l i ^ 1» <liie to 4ss*» 
roass in liCl oone» z^tsulting frosi i t s oonsm^tion in iSkm oomr^ *-* 
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•iofi of o^wr EMt«3. imm iatd tbair aeids (Xmia* 32-35}* 
But in th« CAM of AXCL^ * as tiio a»ie* of AXO^ in UU^ X 
i2ierea««8 itdop&ic the ocmo* of B3L mxmtmt^ tlio |i«roentai6 
of ireii fioec^p^^ C l^33^ 3^ > in l i t ^ IX also inos^sases .^ 
Ilo «!Vid«iice f9r tstfvlisdiraa. £*AlC2,^^*in sqpsous asdiiia has 
boos 3Popof*ted to ^lis asto* i^vl i t is* tlisrs i s ao ocmsusp* 
ti(m of ^^ l39r AXdj in f^ rsdUig t^rsliedral ^f*3.Cl^ aa& i$im 
yHnG^ of l%3. s^@ air&ilsme to i3Pfm to ^sni^ i t i»to iim 
tstralieaml form* So t ^ peresntsso of iron i^ seo^ wersd in Miib II 
iiu^^assa tTi"^  t ^ iJiereaiie in WB cone* of iilGCU ia lialb I* ISm 
inorsass in pmo^ of Ci** in iiisfo I duo to ifl^t^s^ in oono* of 
A1C3U idJl i^reas® K^j® paropM t^los of C^'^^t^J'^M wM,^ in 'ham 
wmM. result into Mghor tr^isport of iron* Tim pevemttkm of 
iron roeovoroA in lis!) 11 slso inoreases ^^ tho rlao in 1 ^ 
cone* of !9i3ctiire of cations in MMb 1* Thlm i@ prolia^ bso&use 
-^ i^ iaert^siiie offset of Ald^ ovnr i iei^ts this rsdi-ieiQg off sot 
of tile ostioBs of HIS sijetiire on t ^ -^ psm^ort of ix^m (Taliltt 3?}* 
!£liis i s also tbs rsAson ^^ tiis psroentaes of iion roosvar^ r 
rissst ri«« ^ t h '&m OCMIO* of isijctaiv in ossss %imr% a fiacsd 
anouat 9£ ixmi «as adbdaS froa outsiia Cf«ttls 36) • 
As inm aei4 i s sl i i^tly Isrssr in sixa ttosa o^isr astal 
acids («co^t of crooiua and asni^aisss) stutfisd lisfv* Iron sold 
i s slii^itljr aors aoMie fSmn tlw otiisr ostal aoids (sjcs^t 
oroaittti sad 8Myi0Aness>t tfeis soliss ths i^placsaent of natsr of tte 
Hi 
iqrdimtod pzt>ton of tli« iron add ^ e^mr aiucb mwmlT m» coiparwd 
to other a»tal (esecept of eix>ialtira aiil ^an^neso) aoids* flirthar 
1$w oHiar aa^ kX acifia <a^:a^ of «;«9@3AIS e i^ alu^ai^ai) ara tiioui^ 
structuraUty dilsaale they ara l\mctionalXy mmohaalcg thia flirtbar 
ataMIizes t l^ anion In the aqiiaotia laadit^ and does not allow tiM^ 
to pass into ^ e or^EUiic la^iiia* i'rol^bly tliia over iml^t^ tim 
acidity faotor in caaa of fsasganoaa and does not allow i t to ptmrn 
into tha oTganio si^ DbFana* CromiiraCXXI) in aqiiaoua aadiusT'^  in tlia 
praa^ea of cWtorlde iona axiata as ^rOt^^^* * iao«®i i ta aize 
i s largar tban ^lat of iron* yat i t ia such lesa acidio tban tliat 
of iron, bacauaa VaXs im» tSiraa protona» iidii<^ ataKa i t hi#ily 
hydropMlic* Baaide tiiia sterio factor alao does not aHow i t to 
S^as into tlut m^ibiimef 
Praaenoe of tetrahadral /"^ica^ JT" in POd^ and acato-
nitr i la ia alr&^y Isomm* Aliaiou#i i ta ajchiatanea in aipaoua medit^ ii 
ia not reporti^t T^t i t at a l l axiat in a«|iieoua aadiiM will be laaa 
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IHTRODUCTIOH 
Transition ottals Xike Cr« Ho, F«t Co, Cu wnA 2a ac« the 
biologically ttssential trac« a«tala « Sinee tSiey ax^ «ss«it ial ly 
racpix^ for enss^we or eo&ase^^ms to bold ^ e activity* lae^ of 
t^ i@se Bfttala induces specific deseases '"^  and tliat adzniiiistration 
of these aetal ions in ttie patiait can ttiempeut these diseases 
i s ve i l iOEiowi* 
tiiaii^>ortiag iron* In m&n and other higher eniOBls the storage 
naterial are ferritin and haeiaosiderin, wtiicb are presmt in l i ver , 
spleen and hone laarrow. Transferrin hinds Fe , very strongly and 
transports i t frtm ferritin to red ce l l s &M viee-ver^i* Betiittea 
2* ferritin and transferrin ir^i passes as Fe , hut the details of 
the redox process are obscure* l%ich worlc on the treufisport of 
7 
alltali and all^line earth aetals and a few mi the trans^ Hi^ rt of 
transition and l^avy aetal ions across liquid aMfttranes using 
various autcrocyclic carriers have been nade* Hsou^ siedically ii^or* 
tant no rofez^^nee to this date seeias to have been aade of 'title 
active tran^ort of iron across solvent typ9 liquid aieaibranes usiAf 
redox systes* This prompted iaa authors to, undertake Vam t i t l e 
investiaation* 
In Chapter 2 , ve have reported -^e transport of Fe aczt>se 
solvent Igrpe liquid sMUfthrane of dihutyl ether in which Fe aigrates 
a«Binst i t s own concentration* Here redox driven cyclic transport 
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of iroo ^iu*ou^ mn i.aiop@ntstl ac«tAte (FA) tmB&a^mm wfts studied^ 
idMin active truasport of F*^ ^ against the cone* gradient &£ J^ * 
2* 3* 
and ^lat of fit agajtest Uia «oiics« gradient of P» using a redox 
systea vas demonstrated* In one ex^riownt f^ "^  present as 
Fe(^ll)t at one zld6 of the tsmbxwm passes to tlie other side as 
Fe(>iO«) » idiich returns to i t s original side as ^i,^^*)^ aero^ the 
saa» BBOdazane* fhis proeess <^ntimies to a dynasde eq^ l^ihritKa* 
In «Biother escperiBient ^ presimt &9 ^(^C^)2 passes to ^ e other 
side of the sieshraaie as FeCsai) and ooae liacii; to i t s origiaai side 
as reCsCli>2 throu^ the saae saeiahrane* fhis again oontinued to a 
dpiaiaic equiXihriusz* In third set 0t @x;periaent0 eoiinter transport 
of FeCSCSI}^  ^ reCsC )^^  tims studied aeross the saiae laeahrane* Bo^ 
the speeies passes toimrcid each other across the saae aesthrane 
towards a d^ ynaoie equilihriisi* 
In a l l the above transport studies t ^ neutzul and oal^cmic 
speeies of insa passes a<»%>ss 1 ^ aieaibrane frc»a one side fao the 
other after reacting iiith tbm iieaihraae iBaterial giving H,V(PA). 
£*Fe(SC }^j^ i^r*' • wax and ascortjie acid imrm used as oscidising and 
re<iicing agents respeetiireXy* 
120 
wLmmmaML 
l?Tmparmtlon of f^<^ai)|y & FtCBCSi)^  
^ « ofttlonie aad iitutx«3. species of iron with siilplio* 
cyanide %mm prepmi^ ti^ sMing w»l0md «s»tmt of F^Cl^ in 0*1 aolite 
iC3G^  «oliitioii» for the prei^ arsktioii of reCSG )^^  the «o3;uti<m 
obteined i»8 reduced W adding ascorbie add (3*2x 10* moil ^ )* 
Ueteiwiiiatioa of W^ff^^ miA Fe 
fhe cottC€Btretio» of irtm in above eacperi^ aeata wss eatiaated 
like in (%apter 2» exceptt in the ca^ of Fe » whic^ ims at firat 
oxidized to Pe t ^ iieatliii to dspytmsn with dii mo*p aad thai 
diluted with distilled wnter to tO s i and detensliied aa 
£"FeCsc^)gJ^** at 510 m ^ Bauach aad Lo«l» ^ectrotiie 20* AH 
the tranaport expexl»@nta w«re perforaed at 25% and aeparate 
tranaport ^x^rimrnktm were perfox^ Md £9r each aaalyaia 
Tram^iort atitdiea 
Firat estperiaeats tranaport of fa aa Wtt{BGH}^ aeroaa an 
iaope^^ri acetate aeabruoe* 
13 X 10*^ d»^ of (5,8 X 10*^ ©oX da*^ > Fed^ oontaiaiiag 
iCaCN (0«1 aol doT )^ waa taken in em lial> of a R ahaped gJLtMt 
aaaea^lF deaeribed in G3iaptcr 2 (Wi^ 4) and an e^oal volune 
(13 X 10* )^ of aaQon»ic aeid (3.2 x 10*^ aol m*^) in the aeeoiid 
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liad» of tkm «s««a1aily* tim fluids of t^ two XSJBSM ware eocsnocted 
by floAtlng mhenst Z €•• thick layer of i«<^p«iilyl aefttAt« 
< ^ X 10 dor) over tuo aurfaecs and stiimsd vifloroucly by • 
aagnotic atirrvr* fho dark rod Fo(SC >^^  ooask2«3t posses froa 
liai> 2 into ttto neabrcune and tkmn to liiib XI* Tbo oxieefitratioR 
Of Fo'^ ^ in IXHa 1 £eiIXo aIo«ay to a alniwiw and tiiat of Fa » izi 
aiisb II rises to a tjaylwia (£^g« 12 Sc fiabie J3), T^ oral^ raae 
material at aqpilllHrium aiioi^ csily csie al»orFtXo» iioak (^ lOai^ i ) • 
Second asqperlnautt transport of Fa(3CM). aeroas» ain isopimtyl 
acolyte cMKibraiie* 
IMS tiffle 13 X 10 dar distilled water nas talt^i in first 
linib and «» e<:|!aal vcisjs^ of aqueotas solt;ition eoat^tinifss 
FeCl^  (5*8 3c 10*^ nol dir), asoorbio aoid (5*2 x 10*^ laol dsT )^ and 
IC3Qt (0*1 ml doT )^ in seoond limb* fbe -^» liabs nere than ooiuxeo-
ted with isopeit^l a<^tate and stirred but no iron passed to the 
o^ier side in 10 hours* IMs e3i^ris«its IMS i^<n repeated* taking 
HCl C0*05i aol doT )^ in place of distiUed water in the first lialbt 
iron passed tt^m liah XX to the aenlKrane and then to l i s^ X* 
C«mc«itratioa of Ironk in lisJb 1 rises to a aa^ dSRHi and that in Halb IX 
falls to a sinimni (Fig* 15 & Yable 39)* After the attainnent of 
equilibriun the neabrane shoifs only one absorption peak at 510 iMi* 
third cxperiacntt Counter trensport of FeCSCil)2« & fteCaCN)^  
across an isepentyl acetate anwbrwMi* 
In this ss^erinentt 13 x lO'^ dar a<pMous solution was taken 
in each liah of iSm glaas assenbly* .The first lial» had PeCl^  
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(5«8 X 10*^ WHO, 4«*^)» Hd (O.^^ w l da*"^ ) asoA KSCH (0.1 ael dtai* )^. 
«M3l« f*^ *, ( 5 3 X 10 «ftl W" >» aaeorMc «dUI C3*2 x 10 aol «l»"^ 
and Mm (0*1 iao3; ^  ^) weiw takMi In tlw ••etsiid liid»« l8<^«a^ 
acttttit* (20 X 10 <lir)t conaaetad the fluida of ttoa two liMm 
idiiclk wera stiirwi as b&fora* Fa^t pres^at aa r«(SCH)2 Paaata 
£Tom f irst to saooDd liaib and C^  '^  preafixit aa Fa(SCH)2 pasaaa irom 
aaaond to firat l i a ^ flit aoncmitratltm of f^ *^* in the fJUrst llalb 
foU. t . . l i int i^ «K> tl»t of n''% in »c<«l U A rlMS t . « 
oaxlaua (Fig* 14 it TmtAe 40)« 
In s t iH anot^r aj^pariatfitt «liere 0*1 aal daT'^  KS(^  
aolution was talcua on one alda of isopentyX aoatate ams^tarmm and 
an a^ial volma of diatlHad nater fan tbm sttmr aida# KSOi did not 




Fig.12 Transport of Fe^* as Fe(SCN)2 across isopentyl acetate. 
Table - 38 
Transport of £'F9iSCM)^J*t trom coapartoent I to co^partatist I I . 










Concentration o f 
f *Fe (3CK)2J * , i n 
cof^ar toent X 
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Flg.13 Trqnsport of Fe^* as Fe(SCN)2 across isopentyl acetate 
1 
Table - 39 
Xraosijort of FeCaCIi)2 ^^^^ cosisartiaerit I to compartment I I* 










Concen t r a t ion o f 
^'©(icii), i n 
coi^3artetsn| I 
5 ,80 ^ lO"^ 
1.375 K 10 ^ 
1,350 s 10"^ 
1.825 X 10*^ 
1.80 x 10*^ 
1.775 X 10"-=^  
1.775 X 1 0 " ' 
O o n c e n t x a t ^ n o f 
compartiaent I I 
aiol dat 
0 . 0 
1.4 IS 10"^ 
1.9 X 10*^ 
2 .y X 10*^ 
3 .4 X 10*^ 
3 . 9 X 10 ^ 
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Fig.14 Counter transport of Fe^* as FelSCN)^ and Fe^* as 
Fe(SCN)2 across isopentyl acetate. 
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Counter transixirt of ^re(3Cl i )2^* and «•«(301^ )^2 a t 






ffiol diis r3 
Concentration of 
FeCJCiOg ^ 
co£^art£B@nt I I 







-3 5«8 X 10 
6*0 X 10 -^  
6*2 X 10"^ 
-3 6.7 X 10 
7,0 X 10*^ 
7.0 X 10"^ 
7.0 X 10 r^ 
5.8 X 10 - i 
i .O X 10 r3 
1.7 X 10 ,-3 
1.1 X 10 
3.0 X 10 
5.0 X 10 




Aa K3Cli do»s not Immk across tiM sttabrwiM* i t s oeiieintr»<» 
ticm does not diatiis dxm to i t s «»» iamnsport «a 9tic3i« l a 0*1 
aol (lit KSCN soIutlQii« F* , prsdoainantly «acists as f^Csai)^ 
10 and I t has long tio«i augflastad tliat ttm suljpIioQranida coap3lax 
of f%^^ « i s oxtractad in ati^l acatata as i^FaC^^O^J^* In tiia 
8 l i ^ t of tilia and our raeent fif^UUi^ tiiat eiHorooieid ot iron 
^ 0 (I^O}^ £f9C^J'is extraetad in dtbut^ attkar as 
H j W o ) , C ^ ^ - . * P « » — t l - t in our « r . t « .p .r l -« t 
Fe^ t^ paasas lk<o8i iiaib I into tha aeaibxmna as ll«0 CrA)«£'^(^3i)^^^. 
This ion pair on paaaii^ into tb& second H^ Israaica down radueing 
Fa to Fe giving f^ CSCIi)'^ , irnis on iaaking ba^ Ji&to tlia 
« » * « » . i s o ^ ^ , , I » c » a ^ Hd OB. « » « ^ to ^ 0 % . * , , 
^Fa(JC^)^7~ liiiioti tlim antars tha first 3.iaa> aad ooapiatas -^a 
Liab Z UNA} IZ 
Oxidation aida mmaSbvmam fiaduoUan a i d a 
Fa(.K3i)2* I C l * KSOI H J J C P A ) ^ ^ F S ( S € 3 I ) ^ : L _ ^ ^ S t H g O ^ r i ^ C S C l D ^ J * 
JJ / [Ascorbic acid 
SxparisMnt 2la« t 
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In Bme&oA •jqpcriaciit Frnd^t ftsoorfele acid and mtsmtm 
of XSQi wsfvm tsikmi. tosi&ttmr ijfi »moaxi&, ll»l»* fteis Irtm i^ roiB 
tkCTft |MMa«s into tbo aealnwic «s Fo(3CII)2 (Fe » in 0*1 a»3> da '^ 
aqueous aolittioa of KSCM i»ratt # (^a€»>» i ^ oxidl^id thcra 
b^ r tlw Hd oo«iii« to tha Bsalnmiia twvm llwSb 1 giving 11.0 <FA}^  
^ra(^:N)^7* • It t^ ian enters %im 2Xmb t ani braaka dom to 
ra(JC^)^* (beloir O.t ml da**^  i^icantimtioa of KSCB Fa^ % ronwi^  
Fa(3CH) ^} , FXtMSi Uaib X i t th^i passes to UsSb 11 as asiplaiaad 
in aaqparia^t I and troa thara back to linb Z tMm cydio tiopa-
fully^ contJjauas to a ^tgnsMe a<iiilibriiiii« 
In tMx^ aat Fm i s aliiaya presant®^ aa ftiCaC )^^  ^ 
l i s^ 1 and Fa t as FaC i^^ }^  in lia^ II . f&a ^minaport of altbar 
apeoiea to otbar sida throui^ tlia am^r&m ia via intaraetlon wltli 
aefflt^ wse giving H^O CPA)3£"f^CsCgi>^*, 
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Summary 
Cyclic transport of Fe^* as H[FeX<], virhere X is CI or Br, across solvent-type liquid 
membranes has been demonstrated. H[FeCl4] was transported from HCl into HBr across 
a dibutyl ether—benzene mixture. In HBr the transported species reacted to H[FeBr4], 
which moved out to the HCl side against the concentration gradient of Fe'*. On the HCl 
side it was reconverted into H[FeCl4]. This continued till equilibrium was achieved. 
Likewise, Fe'*, present as H[FeBr,] in HBr, migrated from HBr into HCl and then back 
to HBr across the same membrane. 
Introduction 
Amino acids and dipeptides [1] could be transported from alkaline to 
acidic and from acidic to alkaline solutions, in two sets of experiments using 
positive and negative lipophilic carriers, respectively. No experiments seem 
to have been reported to this date which combine two such experiments 
into one. Further, active transport of ionic species through liquid mem-
branes using ionic carriers is well known, but no active transport through 
solvent-type membranes appears to have been reported. We report here a 
novel transport system in which Fe^*, as H[FeCl4] and H[FeBr4], under-
goes cyclic transport through a solvent-type membrane. In one half of the 
cycle, Fe^* moves against its concentration gradient. 
Results 
Thirteen ml concentrated HCl containing HLFeC^] (3 X 10""^  mol/1 
FeCla) was taken in one limb and the same volume of concentrated HBr 
in the other limb of a H-shaped glass assembly [2] . The membrane which 
connected the two limbs and floated over the acid layers consisted of a di-
butyl ether and benzene mixture (1:1 by volume). The two aqueous layers 
were stirred vigorously by a magnetic stirrer. Fe^ "" migrated as H[FeCl4] 
from the compartment containing HCl to the compartment containing HBr, 
where it immediately reacted to H[FeBr4], and thereafter returned back 
*To whom correspondence should be addressed. 
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to the first compartment, where it was reconverted into H[FeCl4]..This 
continued until a dynamic equilibrium was reached (curves 1 and 1') in 
Fig. 1). 
Likewise, H[FeBr4] (9.2 X 10"^ mol/1 FeBrj in 13 ml concentrated HBr) 
was t£iken in the first limb and concentrated HCl in the other. Fe^* migrated 
from the HBr to the HCl side and then back to HBr compartment. This 
again continued until a dynamic equilibrium was reached (curves 2 and 2'). 
In the third set of experiments, H[FeCl4] and H[FeBr4] of equal con-
centrations (5 X 10"^ mol/1) were placed separately in the two limbs. Con-
centrations of Fe^* in either compartment first fell steeply and finally 
became stationary (curves 3 and 3'). In the compartment containing HCl, 
however, the concentration of Fe^* registered a rise after the initial fall. 
In the fourth set of experiments, concentrated HBr was kept on one side 
of the membrane and concentrated HCl on the other. Qualitative tests for 
Br" in HCl and CI" in HBr which were performed after one hour were posi-
tive. From the colour intensity it appeared that the leakage of mineral acids 
was minimal compared with that of metal acids. No-quantitative measure-
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Fig. 1. Curves 1 and 1': Transport of metal acids in experiment No. 1. Curves 2 and 2': 
Transport of metal acids in experiment No. 2. Curves 3 and 3 ' : Countertransport of 
H[FeCl4] and H[FeBr J at equal concentrations. 
99 
In all three experiments reported here, the equilibrium concentration of 
H[FeCl4] was much higher than that of H[FeBr4] • The higher concentration 
of the chlorocomplex was due to its greater stability as compared with that 
of the bromocomplex. In all three experiments, the sum total of Fe^* in 
the two limbs was much less than the starting amount, the difference always 
being retained in the membrane. 
Ferric halides in concentrated halogen acids exist [3] as H30*[FeX4]', 
X representing the halogen. The proton in the aqueous phase is further as-
sociated [4, 5] with three water molecules. Fomin and Morgunov have 
shown [6] that when H30*[FeCl4]' is shaken with dibutyl ether, the acid 
passes into ether as H30*(But20)3[FeCl4]". In extraction studies [7] of some 
other metals as metal acids from aqueous into a tributyl phosphate (TBP)— 
carbon tetrachloride mixture, it has again been proposed that, while metal 
acids pass from the aqueous into the organic phase, the three hydrogen 
bonded water molecules are replaced by the more basic TBP molecules. As in 
our experiments the two metal acids behaved alike, we presume that, like 
chloro acid, bromo acid also existed as H3 0'^(But2 0)3[FeBr4]" in the mem-
brane phase. 
Experimental 
The concentration of Fe^* in the two compartments of an H-shaped 
assembly was determined spectrophotometrically (480 nm) using a Baush 
and Lomb Spectronic 20. The Xmax of H[FeCl4] in HCI was the same (200 
nm) as that of the material obtained at equilibrium in compartment II in 
experiment No. 2. So also, H[FeBr4] in HBr, and the material obtained after 
transport in compartment II in experiment No. 1, had their maximum ab-
sorbance at the same wavelength (255 nm). 
Compartment I (HCI) Membrane Compartment II (HBr) 
c H30*(H20)3[FeCl4]" > H30^(But20)3[FeCl4] • > H30*(H203[FeCl4] H30*(H20)3[FeBr4]"< H30*(But20)3[FeBr4]"< H30*(H20)3[FeBr4] 
Experiment No. 1. 
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